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Introduction

Two hypotheses of the origin of SARS-CoV-2 exist:
e A spillover from an animal host somewhere outside a laboratory
e A laboratory-related accident

Finding features within the genome to address these hypotheses would
advance the investigation without requiring the cooperation of third-
parties

Previous analyses of the unprecedented, first ever furin cleavage site in a
sarbecovirus and the exceptional pre-adaption of the receptor binding
domain to human ACE2 have been challenged because they provide an
evolutionary advantage to the virus and, no matter how seemingly
unnatural, as supporting a natural process

Here | perform an analysis of the number, location, genome pattern, and
sequences of two restriction sites, Basl and BsmBI, that helps distinguish
natural viruses from synthetic viruses

e These two Type IIC restriction enzymes are the workhorses of synthetic
coronavirus research and part of Baric’s “No See ‘Em” technology

e An advantafe of this analytical approach is that, in synthetic biology,
the manipulation of these small, six nt sequences is the foundation of
reverse genetics but their small size and random location within a
genome, unrelated to genes, makes it extremely unlikely that they
could provide an evolutionary advantage

Finding multiple patterns within SARS-CoV-2's genome to be both a)
consistent with man-made chimeric virus genomes and b) demonstrably
extremeIJ inconsistent with all observed natural sarbecovirus genomes,
this could greatly advance the investigation of COVID-19's origins."



How Do Restriction Enzymes Work?
The Beacon and Glue of Synthetic Biology

Bsal Restriction Enzyme
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* Top: Human Urbani strain
with three natural Bgll sites
noted (in black)

* Bottom: Synthetic assembly
uses three human-designed
Bgll sites (red), two Bgll
sites (black), with Bglli
(1577) extinguished

Reverse genetics with a full-length infectious cDNA of
severe acute respiratory syndrome coronavirus
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Systematic assembly of a SARS-CoV full-length cDNA clone by in vitro ligation. A full-length ¢cDNA of the SARS-CoV
Urbani strain (SARS-CoV'") was assembled by in vitro ligation of six contiguous cDNA fragments (SARS-1 to SARS-6)
spanning the entire viral genome, which were flanked by native (in black) or engineered (in red) unique Bgll restric-
tion endonuclease sites. The assembled full-length cDNA contained a T7 RNA polymerase promoter (T7) at the 5'-
end and a poly(A) tail (pA) at the 3'-end, allowing for in vitro transcription of full-length, capped polyadenylated

transcripts. The viral genes and relevant restriction sites are indicated.

Yount et al. (2003)

Figure adapted from



B SARS Junctions

4,419
SARS A/B GCCATAATGGC
Junction CGGTATTACCG
tg,749
SARS B/C GCCAGCGTGGC
Junction* CGGTCGCACCG
* 4,419: Natural restriction
site used without change g 12 .113
. , SARS C/D GCCCAAGAGGC

Synthetic restriction site
created with a single nt
change (small letter t or g)

at 9 t 18,966

SARS D/E GCCCTCCTGGC
18,966: Sometimes 4 nt Junction¥* CGGGAGGACCG
changes are needed to give
restriction site and t 24,088
preserve amino acid code SARS E/F GCCTACACGGC

Junction* CGGATGTGCCG
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“Spike substitution strategy.” @ FEAE R ARAELEEEL S

“The original fragments E and F were shortened to leave
spike gene as an independent fragment. The new
fragments were designated as Es and Fs.

Bsal or BsmBI sites were introduced into the
junctions of Es/Spike and Spike /Fs.

Then any spike could be substituted into the genome
of SARSr-CoV WIV1 through this strategy.”

-Ben Hu, Peter Daszak, Zhengli-Li Shi

Note (right) that the Es restriction site is on the sense strand
and the Fs restriction site is on the anti-sense strand. That
rotational symmetry is the basis for the elimination of the
designed restriction sites after ligation in the final clone.

The ‘No See ‘Em’ technique
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PLoS Pathog, 2017 Nov; 13(11): e1006698. PMCID: PMC5708621
Published online 2017 Nov 30. doi: 10.1371/journal.ppat. 1006698 PMID: 29190287
Discavery of a rich gene pool of bat SARS-related coronaviruses provides new
insights into the origin of SARS coronavirus
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Spike substitution strategy
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The ‘No See ‘Em
and Other

Systematic Assembly and Genetic Manipulation of the

Mouse Hepatitis Virus A59 Genome Gene ManipU|ation
Authors Authors and affiliations Assembly Platform

Eric F. Donaldson, Amy C. Sims, Ralph S. Baric

Coronaviruses

Laborato tocols

- (@ (0 While it is true this technique
hides the ligation seams in the

partof th Mthods n olecular iology book seies (1M, volume 454) finished synthetic virus,

having access to potential

Abstract precursor viruses, fragments or

We have developed a DNA assembly platform that utilizes the nonspecific, highly variable families of related

sequence signatures of type IIs restriction enzymes to assemble a full-length molecular clone sarbecoviruses allows the

e s D fagment b s o ot mempene e e 355€Mbly path to be observed

the mutations of interest. By adding the type IIs restriction site in the proper orientation, by the absence of certain

subsequent digestion removes the restriction site and leaves a sticky end comprising the ge n etic fe atures.

mutation of interest ready to ligate to a second fragment generated in parallel as its

complement. In this chapter, we discuss the details of the method to assemble a full-length
infectious clone of MHV and then engineer a specific mutation into the clone to demonstrate

the power of this unique site-directed “No See’'m” mutagenesis approach.

August 2008




| . . .
5’ gtttcg Restriction Site aggtaagatggagagccttgtccctggtttcaacgagaaaacacacgtccaactcagtttgcctgttttacaggttec

3’ caaagcaggcccacactggctttccattctacctctcggaacagggaccaaagttgctcttttgtgtgcaggttga Restriction Site gtccaac

\—'—I

Inserted Genetic Material

Addition of Symmetrical Restriction Sites on 5’ (Positive Sense) and 3’ (Negative Sense) Strands

Removal of Native Restriction Sites Where Needed
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Hypothesis: Can “holes in the genome” with respect
to restriction sites provide a signature of synthetic
assembly of a virus?

Bsal

 How many of these two restriction sites are 5..GGTCTC (N),"... 3
expected to be found in natural sarbecoviruses? 3... CCAGAG(N),,...5
e Any given hexamer sequence will occur every Esp3I-BsmB1
4096 nts or 7.3/30k genome s caTCTCMN) . .3
. o Py . L
Given the G:C bias of these sequences and a 3...GCAGAGN),, .5

40% G:C content of SARS-CoV-2, it should
occur every 6944 or 4.3/30k genome

* Therefore, a combined total of between 8.6
and 14.6 BsmBI and Bsal restriction sites per
genome is predicted



CTGGCGACTGGTTAA TGCCTGAAACCTTTCA

CTGGCGTCTCGTTAA [TGCCTGAGACGTTTCA
(0) Start (3511) BsmBlI |BsmBI (4879) BsmBI (17,130) End (31,335)
10,000 20,000 30,000
it
IAGTGATGAGACGCACTT

NC_048217.1 Murine hepatitis virus strain A59, complete genome
BsmBI 31,335 bp

Example of Synthetic Biology Workflow e Here, three native BsmBlI restriction sites
* Destruction of native BsmBlI restriction sites (above) are removed by making two 3"
by the introduction of point mutations is position in the codon, synonymous
often the first step in the laboratory synthetic substitutions, yielding a synthetic virus
biology workflow and reverse genetics of with no remaining BsmBI restriction sites
coronaviruses (below)

10,000 20,000 30,000

Donaldson E.F., Sims A.C., Baric R.S. (2008) Systematic Assembly and
Genetic Manipulation of the Mouse Hepatitis Virus A59 Genome. In:

Cavanagh D. (eds) SARS- and Other Coronaviruses. Methods in
Molecular Biology (Methods and Protocols), vol 454. Humana Press,

AY910861.1 Synthetic construct murine hepatitis virus, complete genome RSN https://doi.org/10.1007/978-1-59745-181-9_21
31,409 bp ro i ) i -

BsmBI




SARS-CoV-1, SARS-CoV-2, and related viruses are different

(1588) Bsal

(329) BsmBI BsmBI (2557) (11,643) Bsal (14,469) BsmBI (28,941) BsmBI
(0) Start Bsal (3145) Bsal (5716) (10,368) Bsal Bsal (16,223) BsmBI (20,903) (28,075) BsmBI End (25,727
so00! 10,0007 15,0001 20,000/ 25,000/

SARS-CoV-1

AY278741.1 SARS coronavirus Urbani, complete genome

Restriction

Coronavirus Enzymes 29,727 bp
Start (0) BsmBI (2187) BsmBI (5745) (17,323) BsmBI Bsal (17,966) Bsal (24,096) End (29,903)
5000' lﬂ,DODI IS,DDUI ZO,ODOI 25,000'

SARS-CoV-2

NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome

Coronavirus Enzymes 29,903 bp
(10,387) Bsal
Start (0) BsmBI (2163) (9694) BsmBI Bsal (11,603) End (29,838)
S0007 10,0001 15,0001 20,0001 35,0001

BANAL-52

MZ937000.1 Bat coronavirus isolate BANAL-20-52 Laos 2020, complete genome

Coronavirus Enzymes 29,838 bp

Start (0) (10,435) Bsal Bsal (11,651) (17,320) BsmBI Bsal (17,963) (22,925) BsmBI BsmBI (24,500) End (29,855)

5000 10,000 15,000 20,000 25,000

RaTG13

MN996532.2 Bat coronavirus RaTG13, complete genome

Coronavirus Enzymes 29,855 bp
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ARTICLE

SARS-CoV-2 gene content and COVID-19 mutation
impact by comparing 44 Sarbecovirus genomes

OPEN

Irwin Jungreis® “2* Rachel Sealfon® 3 & Manolis Kellis@ 12

Restriction Sites

Current Biology

Volume 30, Issue 11, 8 June 2020, Pages 2196-2203.e3 ICellPress

Report

A Novel Bat Coronavirus Closely Related to SARS-
CoV-2 Contains Natural Insertions at the S1/S2

Cleavage Site of the Spike Protein

Hong Zhou 1 8, Xing Chen % & Tao Hu 1 Juan Li '3 Hao Song 3, Yanran Liu !, Peihan Wang !, Di Liu %, Jing Yang
® Edward C. Holmes 5, Alice C. Hughes 2 & &, Yuhai Bi * & &, Weifeng Shi 17 ? & =

16 Sarbecoviruses from above paper in red

Coronavirus Identifier Esp3l-BsmB1 Bsal Total
Start to 15,000(15,001 to end|Start to 15,000/15,001 to end
>KY417151_Bat_SARS_like_CoV_Rs7327 3 1 4 1 9
>KY417152_Bat_SARS_like_CoV_Rs9401 3 2 4 1 10
>KY417144 Bat_SARS_like_CoV_Rs4084 3 2 4 1 10
>KF367457_Bat_SARS_like_CoV_WIV1 3 3 4 1 11
>KU973692_UNVERIFIED_SARS_related_CoV_F46 3 1 2 3 9
>KF569996_Rhinolophus_affinis_CoV_LYRal1l 3 1 3 2 9
>NC_004718_SARS_CoV Tor2 3 3 5 1 12
>MK211376_CoV_BtRs_BetaCoV_YN2018B 3 2 4 2 11
>KJ473816_BtRs_BetaCoV_YN2013 3 3 4 2 12
>KY770858 Bat CoV_Anlong 103 3 3 4 2 12
>FJ588686_Bat SARS CoV_Rs672 2006 3 1 3 3 10
>KJ473815_BtRs_BetaCoV_GX2013 4 3 3 3 13
»JX993987 Bat CoV Rp_Shaanxi2011 3 3 3 3 12
>KT444582_SARS like CoV_WIV16 2 3 4 3 12
>KY417145 Bat SARS like CoV_Rf4092 3 2 4 3 12
>KY417143 Bat SARS like CoV_Rs4081 2 1 4 3 10
>MK211378 CoV_BtRs BetaCoV_YN2018D 3 2 4 3 12
>MK211377_CoV_BitRs_BetaCoV_YN2018C 3 2 4 3 12
>KY417142_Bat_SARS_like_CoV_As6526 3 1 4 3 11
>KY417147_Bat_SARS_like_CoV_Rs4237 2 2 4 3 11
>KY417148_Bat_SARS_like_CoV_Rs4247 2 2 4 3 11
>MK211375_CoV_BtRs_BetaCoV_YN2018A 3 2 4 3 12
>JX993988_Bat_CoV_Cp_Yunnan2011 3 3 5 2 13
>KJ473814_BtRs_BetaCoV_HuB2013 1 2 2 5 10
>DQ412043_Bat_SARS_CoV_Rm1 1 3 4 3 11
>KY417146_Bat_SARS_like_CoV_Rs4231 3 2 4 4 13
>KY417149_Bat_SARS_like_CoV_Rs4255 2 2 4 4 12
>KP886808_Bat_SARS_like_CoV_YNLF_31C 1 2 5 3 11
>GQ153542_Bat_SARS_CoV_HKU3_7 GQ153542 1 2 5 3 11
>DQ022305 Bat SARS CoV HKU3 1 1 2 4 4 11
>GQ153547 Bat SARS CoV_HKU3 12 GQ153547 1 2 4 4 11
>MG772933 Bat SARS like CoV bat SL CoVZC4s 3 2 4 5 14
>MG772934 Bat SARS like CoV bat SL CoVZXC2 3 2 4 5 14
>DQ071615 Bat SARS CoV Rp3 4 2 4 5 15
>MK211374 CoV_BtRI_BetaCoV_5C2018 2 1 4 5 12
>KY938558 Bat CoV_strain_16B0133 4 1 5 4 14
>KY770860 Bat_CoV Jiyuan 84 3 2 4 5 14
>D0Q412042 Bat SARS CoV Rfl 2 1 5 5 13
>DQ648856_Bat_CoV_BtCoV_273_2005 2 1 5 5 13
>KJ473812_BtRf_BetaCoV_HeB2013 2 2 5 5 14
>KY352407_SARS_related_CoV_strain_BtKY72 1 1 7 4 13
>NC_014470_Bat_CoV_BM48_31_BGR_2008 2 1 5 3 16
>AY278489 SARS-CoV-1 GDO1 3 3 5 1 12
>AY304486.1 Civet SARS CoV §73 3 3 5 1 12
>AY390556 SARS-CoV-1 GZ02 3 3 5 1 12
>AY485277.1 SARS-CoV-1 Sino1-11 3 3 5 2 13
>AY508724 SARS-CoV-1 NS-1 3 3 5 1 12
>DQ084200 SARS-like CoV HKU3-3 1 2 4 4 11
>DQB48857 SARS-like CoV BtCoV/279/2005 1 2 4 3 10
>KF294457 SARS-related bat CoV Longquan-140 1 2 3 5 11
>KY770859.1 SARS CoV Anlong-112 3 3 3 2 11
Cambodian Bat RShSTT182 EPI_ISL_852604 1 3 3 1 8
Cambodian Bat RShSTT200 EPI_ISL_852605 1 3 3 1 8
Japanese Rc-0319 4 2 3 1 10
Pangolin Guangdong 1 2 1 2 4 9
Pangolin GuangxiP2V 2017 1 2 2 3 8
RMYNO2 2 1 2 3 8
Thai bat RacC203 3 1 1 2 7




Summary of Natural Sarbecoviruses

* Two data sets were used to establish the properties of natural sarbecoviruses

e 58 sequenced genomes from before 2020 which are documented to be sourced from
nature

A number of published synthetic sarbecoviruses
e Natural sarbecoviruses have, on average, 11.8 restriction sites (RS) per genome (combining
Bsal and BsmBI)
 No natural virus has fewer than seven total RSs

 When dividing the genome in half, at nt 15,000, natural sarbecoviruses have a distribution of
RS between the two halves in which there is never a segment without at least one of each RS

* |n examining Bsal and BsmBI RSs from the 5’ to 3’ of the genome, no pattern or order of RSs
IS seen

* They alternate in an apparent random order
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Number of Sarbecqyiruses

B

Total Number of Restriction Sites in 58 Sarbecoviruses

e Mean =11.4 + 2.1 per genome (combined BsmBl
& Bsal)

 No natural sarbecoviruses has been found with
fewer than seven per genome

* Based on observed number and distribution the
probabilities shown below can be calculated

[ Number of sites (X) |Probability < X
I 7 ' 8 I 9 I 10 I 11 I 12 . 13 . 14 I 15 : 16 I S4 0-00016

Total Restriction Sites SS 0.0009
<6 0.004




Summary of Synthetic Viruses & SARS-CoV-2

Synthetic viruses can routinely have fewer than seven total restriction, a number never before seen
in a natural virus

Synthetic viruses often have one or more genome segments that are missing a restriction site, a
distribution never seen in natural viruses

In examining Bsal and BsmBI RSs from the 5’ to 3’ of the genome, a pattern of segregation of
restriction sites can be observed. This has never been seen in a natural virus

SARS-CoV-2 has five total restriction sites, with a likelihood of 0.0009 for a natural virus
SARS-CoV-2 has no Bsal sites in the first 17,320 nt with a likelihood of 0.0013 for a natural virus

SARS-CoV-2 has a “segregated” RS pattern: BsmBI-BsmBI-BsmBI-Bsal-Bsal, never seen in a natural
virus and with a likelihood of 0.05

SARS-CoV-2 has seven RSs that differ from natural sarbecoviruses, a likelihood of 0.000014 to have
occurred naturally by random mutations within the 42 nts of the RSs in a total genome of 30,000

The likelihood these four features occurred together in a natural sarbecoviruses is one in greater
than 1.2 billion



Genome Segmental Distribution of Restriction Sites in 58 Sarbecoviruses

Start to 15,000 15,001 to End

\ \
l Il \

Start (0)

End

10,000 20,000 30,000

e The 58 viruses have 232 total restriction site

Restriction L e - segments (two segments and two enzymes per
virus)
E
Enzyme S D DI LI D [ * All of the 232 segments have at least two
BsmBlI 2.4+0.9 2.0+0.7

restriction sites, at least one of each enzyme
Thus, the 95% confidence upper bound for the
probability of zero restriction sites at a given
region of the genome is given by the
approximation (Rule of Threes ) as 3/232 = <0.013

Bsal 39+1.0 30+1.5 .



Genome Distribution Pattern of Restriction Sites in 58 Sarbecoviruses

Hypothesis:

e A natural sarbecovirus will have a “random” distribution of BsmBI and Bsal restriction sites when viewing the 5’ to
3’ genome sequence

e A synthetic virus may display a “segregated” distribution of BsmBI and Bsal restriction sites when viewing the 5’ to
3’ genome sequence. This facilitates one step, unidirectional assembly of cloned segments

Start (0) End

10,0001 20,0001 30,0001

Random Distribution: (RS1)a-(RS2)b-(RS1)c-(RS2)d, where a-d equal 1-5 and RS1 and RS2 can be either BsmBI or Bsal

Segregated Distribution: (RS1)a-(RS2)b where a and b equal 1-5 and RS1 and RS2 can be either BsmBI or Bsal



SARS-CoV-2 restriction sites number and pattern
have never been observed in a natural sarbecovirus

Start (0) BsmBI (2187) BsmBI (9745) (17,323) BsmBI Bsal (17,966) Bsal (24,096) End (29,903)

| || |
5000 m 15,000 m 25,000

NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome
29,903 bp

e SARS-CoV-2 has a total of five Bsal and BsmBI restriction sites
* A natural sarbecovirus has never been observed with less than seven
 The likelihood SARS-CoV-2 is not a natural virus, based on RS nhumber, is >99.9%

 SARS-CoV-2 has no Bsal restriction sites in the first 60% of the genome and no BsmBI
restriction sites in the remaining 40% of the genome

* This “segregated” distribution has never been seen in a natural virus, making the likelihood
SARS-CoV-2 is not a natural virus, based on this pattern, at 95%




SARS-CoV-2 and RaTG13 Share

Two Restriction Sites and Have Seven Unique Sites

No BsmBI restriction sites over 58% of the entire
genome has never been seen in nature and has a Shared
likelihood of being a natural virus of less than one in 500 Restriction Sites

|

* A

Start (0)

Fonavirus Enzymes

5

000

(10,435) Bsal Bsal (11,651) (17,320) BsmBI Bsal (17,963) (22,925) BsmBI BsmBI (24,500)

10,000 15,000 20,000 25,000

MN996532.2 Bat coronavirus RaTG13, complete genome
29,855 bp

End (29,855)

No Bsal restriction sites over 60% of the entire genome
has never been seen in nature and has a likelihood of
being a natural virus of less than one in 500

A

[

1

Start (0) BsmBI (2187) |BsrnBI (9745) (17,323) Bsrr‘lBI| |Bsa1 (17,966) |BsaI (24,096) End (29,903)
50007 10,000I 15,000I 20,000' 25,000'

Coronavirus Enzymes

NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome
29,903 bp




What is the probability that the seven-restriction site
changes between SARS-CoV-2 & RaTG13 occurred randomly?

 SARS-CoV-2 has a genome of 29,903 nts
 SARS-CoV-2 and RaTG13 are 96.2% identical at the genome level

* Assumptions

e The viruses differ by seven restriction sites of six nt each
Random probability of six nts being identical is (0.962) to the 6" power or 0.793
Probability of at least one nt difference in one restriction site is 1.0 —0.793 = 0.207
Probability of all 7 restriction sites with at least 1 mutation is (0.202) to the 7t power =

0.000014 or one in >72,990

This pattern of 7 RS changes could not have been random



SARS-CoV-2 and BANAL-52 Share
Two Restriction Sites and Have Five Unique Sites

No Bsal or BsmBI restriction sites over 61% of the entire
genome has never been seen in nature and has a likelihood
of being a natural virus of less than one in 50,000

A

(10,387) Bsal

Start (0) BsmBI (2163) (9694) BsmBI Bsal (11,603) End (29,838
5000] lO,UOOI 15,000' 20,000' ZS,UOOI

MZ937000.1 Bat coronavirus isolate BANAL-20-52 Laos 2020, complete genome

Coronavirus Enzymes 29,838 bp
Shared Restriction Sites
Start (0) BsmBI (2187) BsmBI (9745) (17,323) BsmBI| Bsal (17,966) Bsal (24,096) End (29,903)
50001 10,000I 15,000I 20,000' 25,000I

NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome
29,903 bp

Coronavirus Enzymes




What is the probability that the five restriction site
changes between SARS-CoV-2 & BANAL-52 occurred randomly?

* SARS-CoV-2 has a genome of 29,903 nts
e SARS-CoV-2 and BANAL-52 are 96.9% identical at the genome level

 Assumptions

e The viruses differ by five restriction sites of six nt each

* Random probability of six nts being identical is (0.969) to the 6" power or 0.828
e Probability of at least one nt difference in one restriction site is 1.0 - 0.828 = 0.172
* Probability of all 5 restriction sites with at least 1 mutation is (0.172) to the 5t power =

0.000151 or one in >6,600

This pattern of 5 RS changes could not have been random



SARS-CoV-2 BsmBI Restriction Site 218/

RaTG13 2161

AGAGAAATTCAAGGAAGGTGTAGAGTTTCTTAGAGATGGTTGGGAAATTGTTAAATTTAT 2220

CoV-2 2161  AGAGAAGTTTAAGGAAGGTGTAGAGTTTCTTAGAGACGGTTGGGAAATTGTTAAATTTAT 2220
~9'3" Frame 2
RaTG13 agagaaattcaaggaaggtgtagagtttcttagagatggttgggaaattgttaaattt
F K F K BE G V E F L R D GG W E I V K F
\,
~95'3" Frame 2
CoV-2 agagaagtttaaggaaggtgtagagtttcttagagacggttgggaaattgttaaattt

F K F K B 6 V E F L R D G W E I V K F

Synonymous mutation in homologous peptide region




SARS-CoV-2 BsmBI

Restriction Site 2187

The out-of-frame GAGACG
restriction site is found in only
three of 58 sarbecoviruses,
including SARS-CoV-2 and
excluding RaTG13.

R D G
GA GAC GGT

GA BAT GGT

NC_@45512_SARS_CoV_ 2 Wuhan_Hu 1. aa L E E K F K E G V E F L
NC_045512_SARS_CoV_2_Wuhan_Hu_1 CTT GAA GAG AAG TTT AAG GAA GGT GTA GAG TTT CTT
MN996532_Bat_CoV_RaTG13 ETE GAA GAG A [FTE AAG GAA GGT GTAGAG TTT CTT
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 BTG GAA GAG BAR TTE BAA GAA GGT [NFA GAG TTT CTTJAGA GAC GGT
MG772934_Bat_SARS_like_CoV_bat_SL_Covzxc21 BTE GAA GAG A TTC AAG GAA GGT GTA GAG TTT CTTJAGA GAC GGT

NC_ee4718_SARS_Cov [ GAG a< RAA &5 T < GGA 67T GAR 77T ETCIYYd GAT Ta
KT444582_SARS_like_Cov_WIv1e [Nl GAG =< RAR Mg e <o GGA 67T GAR TTT ETC(YY GAT o
KY417146_Bat_SARS_like_Cov_Rs4231[Nj] GAG o< AAA i Mo &0 GGA 67T GAA 17T ETc|YYe GAT o
MK211376_CoV_BtRs_BetaCoV_YN20188 §ji) GAG Fd¢ AAA [T GGA 6T GAA 17T ETCYYe GAT
KY417151_Bat_SARS_like_Cov_Rs7327 [Nj] GAG es BAA 711 Yo ¥ GGA 67T GAA 17T ETC|Ys GAT o
KY417152_Bat_SARS_like_Cov_Rs94e1[Nj] GAG o< BAA i Mo 90 GGA 67T GAA 17T ETc|Ys GAT o
KY417144_Bat_SARS_like_Cov_Rs4es4[Nj] GAG e BAA I GGA 6T GAA 17T ETCYYE GAT
KF367457_Bat_SARS_like_Cov_wIvi [§§) GAG e AAA Sg) ey o GGA 67T GAA 77T ETCIYYS GAT o
KU973692_UNVERIFIED_SARS_related_CoV_F46 g GAG GGA GTT GAA TTT ETCIYY: GAT
KY417145_Bat_SARS_like_CoV_Rf4092 [Ng] GAG 2 BAA I GGA GTT GAA TTT ETCYY: GAT
KJ473816_BtRs_BetaCoV_YN2013 [Ny GAG =& MAR [S§) Y1) <90 GGA 67T GAA TTT CTTIYN: GAT o
KY770858_Bat_CoV_Anlong_163 g GAG o0 AAA & g) M <7 GGA GTT GAA TTT ETCIYd GAT H=
KY417143_Bat_SARS_like_Cov_Rs4es1[Ngj GAG Ja< BAA 5 Mo &0 GGA 67T GAA 17T ETC|Y: GAT T
KY417149_Bat_SARS_like_Cov_Rs4255 g GAG o< AAA 5 Mo ) GGA 67T GAA 17T ETC|Y: GAT o
MK211378_CoV_BtRs_BetaCoV_YN2e18D [§§) GAG Tac AAA e GGA 67T GAA 77T ETC[Y1: GAT
FJ588686_Bat_SARS_CoV_Rs672_20e6 N1 GAG o RAR M5 e <o GGA 67T GAA TTT ETC(YN GAT o
MK211377_CoV_BtRs_BetaCoV_YN2e18C §j§) GAG Fdc AAA [ GGA EFT GAA 17T ETCYYe GAT
KY417142_Bat_SARS_like_CoV_As6526 ] GAG Fee BAA 711 [Yepi &) GGA 67T GAA 17T ETC[YYe GAT
KY417147_Bat_SARS_like_Cov_Rs4237 [Nj] GAG o< BAA i Mo <90 GGA 67T GAA 17T ETc|YYe GAT o
KY417148_Bat_SARS_like_Cov_Rs4247 [Nj] GAG o BAA i Mo 90 GGA 67T GAA 17T cTT[Ve GAT o
MK211375_CoV_BtRs_BetaCoV_vN2e18A [y GAG SIo AAA [q§) ey <o GGA GTT GAA 77T ETCIYYS GAT o
DQe71615_Bat_SARS_CoV_Rp3 [Nl GAG < AAR Mgl a1l 59 GGA 67T GAA 71T ETCIY: GAT e
KP886868_Bat_SARS_like_CoV_YNLF_31C g GAG =< AAA [fg) Ny o GGA GTT GAR TTT ETCIYYd GAT o
KJ473815_BtRs_BetaCoV_GX2013 [§ij GAA ey MAR Myd ey 90 GGG GTT GAA TTT CTTIAGA BAT s
KF569996_Rhinolophus_affinis_CoV_LYRa1l Ehg) GAG ey M Sy Meq N GGA [ GAR 77T ETCIYY] GAT =
JX993988_Bat_CoV_Cp_Yunnan201l 5g) GAG we M0 s e N GGA [y 6AR 77T ETCIYYd GAT =
MK211374_CoV_BtR1_BetaCoV_sC2018 [ GAG Mej AAG [oi) VR NeE GGA GTE GAG TTT CTTIVE GAT o
KJ473814_BtRs_BetaCoV_HuB2013 g GAG Je AAA 51« o) o GGG [N i1 GAA 17T ETCIAGE GAT Tae
DQ412043_Bat_SARS_CoV_Rm1 5| GAG ep) RAR e GGA N1 GAA 77T ETC|AGE GAT
KY938558_Bat_CoV_strain_16B0133 CTT GAG (o] AAG [oi) VN o GGA YA cAG TTT ETCIYYE GAT T
DQ412042_Bat_SARS_CoV_Rf1 CTT GAG el Aac MRl TN &9 GEA T cAG TTT ETCIYYE GAT
DQE48856_Bat_CoV_BtCoV_273_2005 CTT GAG [Te) AAG ol YY) 59 GGA N1 cAG TTT ETCYYe GAT
KJ473812_BtRf_BetaCoV_HeB2013 CTT GAG [Tej AAG Sl IYNI FI¥ GGA [N GAG TTT ETCIYYE GAT o
KY770868_Bat_CoV_Jiyuan_84 CTT GAG o] AAG [l YN <o GGA Y GAG TTT cTTINE GAT e
JX993987_Bat_CoV_Rp_Shaanxi2e11 [y§ GAG [Xe) AAG i) ey <o GGA 67T GAA 17T cTT)AGE GAT
GQ153542_Bat_SARS_CoV_HKU3_7 [l GAG o) AAA S5 ey <o GGA 67T GAA TTT CTTIRGA GAT e
DQe22305_Bat_SARS_CoV_HKU3_1 g GAG ep) AAA gy ey <o GGA GTT GAA TTT CTTIAGA GAT e
GQ153547_Bat_SARS_CoV_HKU3_12 [ GAG lep) AAA i) ey <o GGA GTT GAA TTT CTTIAGA GAT e

Ww E I Vv K F I s T € A C E I V

"GG GAA ATT GTT AAA TTT ATC TCA ACC TGT GCT TGT GAA ATT GTC
"GG GAA ATT GTT AAA TTT ATC TCA BT TGT GCT TGT GAAATT GTC
"GG GAA ATT GTT AAA TTT ATC TCA BET TGT GCT TGT GAA BTH GTC
"GG GAA ATT GTT AAA TTT ATC [FCT BET TGT GCT TGT GAAATT GTC
"GG GAG ATT [5f8 AAA TTT [Siye MR ACA o)) SR iRl e ATE G 1C
GG GAG ATT Sid AAA TTT 14 TN ACA S5 Siili il X ATE 6T
"GG GAG ATT 518 AAA TTT [Sye My ACA o5 SRl Ll e BT ¢ G 1
"GG GAG ATT 518 AAA TTT [S1e My ACA o5 SRl Ll e BT g G 1
"GG GAG ATT 518 AAA TTT [S1e My ACA TTeh) SRl Ll e BT ¢ 61
"GG GAG ATT 518 AAA TTT [S1e My ACA TTeh) SRl Ll e BT ¢ 61
"GG GAG ATT 518 AAA TTT [S1e My ACA eh) SRl Ll e AT ¢ G 1C
GG GAG ATT 518 AAA TTT [Sie MR ACA ehl Sial Ll e BT ¢ 6 1C
GG (GAG ATT Sl AAA € LiiS TS [T S5y AT il (Y AE 6T
GG GAG ATT S8 AAA TTT [Se g ACA eh) Simi i e BTE 6 TC
GG GAG ATE 59 Aaa TTT Sfa [N ACA S5 il i) T8 ATE 6 TC
GG GAG ATT 58 AAA TTT [Se [y ACA Feq) Simi i e BTE 6 TC
G GAG ATT Sifd AAA TTT Sif6 MR ACA IS5 Siili il Y ATE 67
GG GAG ATT Sfd AAA TTT S8 TN ACA 551 Siili il Y ATE 6T
"GG GAG ATT [5f8 AAA TTT [Siye MR ACA o)) SR iRl e ATE G 1C
"GG GAG ATT Sl AAA TTT [S1e My ACA [e5) SRl il X8 ATT GTC
"GG GAG ATT 518 AAA TTT [Sye My ACA o5 SRl Ll e BT ¢ G 1
"GG GAG ATT 518 AAA TTT [S1e My ACA o5 SRl Ll e BT g G 1
"GG GAG ATT 518 AAA TTT [Si1e My ACA Teh) SRl Ll Fe BT g G 1C
"GG GAG ATT 518 AAA TTT [S1e My ACA TTeh) SRl Ll e BT ¢ 61
"GG GAG ATT 518 AAA TTT [S1e INYe ACA Teh) Sial il T8 ATT GTC
GG GAG ATT 518 AAA TTT 51 MR ACA eh) Sial Ll e AT g G 1C
GG GAG ATT S8 AAA TTT [Siii i ACA eh) 5 i e BT @ 6 TC
(GG GAA ATT [Ji] AAA TTC 5115 (5l ACA el iy iim FEE ATT BT
G R TTEEYN T TalaTclaGAlGGTIGTGlTTTIGACk vl i
GG 6AG ATT Silj AAA T LS 7RIS TS S5 SiE i X ATE 6T
[GG GAA ATT (Sl AAA T 577 Sife ACA Fe3) 5 iimy Y6 ATT BT
"GG GAA ATT Sl AAA T LA1E Sl ACA e 5 i) Y6 BTE G 1C
"GG GAA ATT (S AAA TTT [iie 5l BCA T &1 iim T ATT BT
"GG GAA ATT [Jll] AAA TTC 577 5 ACA [Teg) 50 fim F ATT BT
"GG GAA ATT [Jll] AAA TTC 577 5 ACA [Teg) 50 fim F ATT BT
"GG GAA ATT [Sll] AAA TTC 577 5 ACA ey 10 il FTX ATT BT
"GG GAA ATT [Sll] AAA TTC 577 5 ACA Teg 0 il T ATT BT
"GG GAA ATT (Sl AAA TTC 577 5l ACA eg) 0 il FEe ATT BT
GG GAA ATT (Sl AAA TTC LIS 5l ACA e 51 [im) 1 ATC 671
el Ac TTEY YN relaTcl @ ceAleTAlT TTIGATIGTC|ATT]
CEIRTRCTTEENN 1 JTTGlATC o JGGAIGTAT TT|GATIGTCIATT]
CEIYYRCTTEERN s T TGlATC o JGGAIGTATTTIGATIGTCIATT]
gdcackudreicacpppicTTlsTcl S joGcleagTACiACTEYRY i [
idecclapgcTTERNCTTIcTAIGTCL = JoGCICagTATIGTGIGTTIATA




SARS-CoV-2 BsmBI Restriction Site 9/45

RaTG13 9718 TTTTTACTGGTTCTTTAGTAACTACCTAAAAAGGCGTGTAGTCTTTAATGGTGTTTCCTT 9777

Cov-2 9721 TTTCTATTGGTTCTTTAGTAATTACCTAAAGAGACGTGTAGTCTTTAATGGTGTTTCCTT 97806

.

5'3' Frame 2

RaTGl3 tttttactggttctttagtaactacctaaaaaggcgtgtagtctttaatggtgtttcc
F Y W P F S N Y L K R R V V F N G V S

99 Frame 2

tttctattggttctttagtaattacctaaagagacgtgtagtctttaatggtgtttcc
CoV-2 F Y W F F S N Y L K R R V V F N G V S

Synonymous mutation in homologous peptide region




fr—

NC_@45512_SARS_CoV_2 Wuhan_Hu_1_aa K H F Y W F F S N Y L|K
NC_@45512_SARS_CoV_2_Wuhan_Hu_1 AAG CAT TTC TAT TGG TTC TTT AGT AAT TAC CTAJRAG AGA CG
MN996532_Bat_CoV_RaTGL13 AAG CAT [l TAE TGG TTC TTT AGT BAE TAC CTAAA BEG ce
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 AAG CAT BTl TAT TGG TTC TTT AGT BAE TAC CTAJRAG AGA CG
MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 AAG CAT [Tl TAT TGG TTC TTT AGT BBE TAC CTAJAG AGA CG

SA RS C V 2 B B I NC_0e4718_SARS_CoV AAG CAG (I @) TG TTC TTT [¥¥e BAC TAT E71 [ N
-COV- Sm KT444582_SARS_like_CoV_WIV16 AAG BAE s @) 766 TTC TTT [V BAE FAT E7T [ Y

R RV V F N G V S F S T F E E A A L
GTAGTC TTT AAT GGT GTT TCC TTT AGT ACT TTT GAA GAA GCT GCG CTG
GTAGTC TTT AAT GGT GTT TCC TTT AGT ACT TTT GAA GAA GCT GCG TTA
GTAGTC TTT AAT GGT GTT TCC TTT AGT BEA TTT GAG GAG cCT GEA TTA
GTAGTC TTT AAT GGT GTT TCC TTT AGT BCA TTT GAG BAG cC T GEA TTA

GTCATG TTT AAT BGA 67T/ TTT AcT BCE T GAG GAG GCT GCT Ti6
GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG GCT BET 116

. . . KY417146_Bat_SARS_like_CoV_Rs4231 AAG GAC [ae @) T6G TTC 77T [¥Yd BAE FAT E7 T [V (VY] BGA GTC ATG TTT AAT BGA 67T [Te TTT AGT BEE ¢ GAG GAG cCT GCT T16
Re St ri Ct Telp) S |te 9 745 MK211376_CoV_BtRs_BetaCoV_YN2018B AAG CAC ifde (@] TG TTC TTT VY4 RAC TAT EFT [ [N RGN GTC ATG TTT AAT GGA 6 TT X 77T AT BEE FTC GAG BAG cCT BET 16

KY417151_Bat_SARS_like_CoV_Rs7327 AAG CAG [e @) 766 TTc 77T [¥Yd BAG FAT 677 [ TN
KY417152_Bat_SARS_like_CoV_Rs94@1 AAG GAC TG TTC TTT VX4 BAG TAT 67T [E TN
KY417144_Bat_SARS_like_CoV_Rs4884 AAG CAC TGG TTC TTT /e BAE FAT 671 [ T
KF367457_Bat_SARS_like_CoV_WIV1 AAG EAC [ @) T6G TTC TTT e AACQ TAT EFT [EE TN
KU973692_UNVERIFIED_SARS_related_CoV_F46 AAG EAG (g8 [N TeG TTC TTT YN8 BAG AT EFT [: TN
KY417145_Bat_SARS_like_CoV_Rf4892 AAG CAC T6G TTC TTT [VYE BAE FAT 67 [ TN
KJ473816_BtRs_BetaCoV_YN20813 AAG GAC pls @) T6G TTC TTT [¥d BAC FAT 67T [ MY
KY77@858_Bat_CoV_Anlong_103 AAG EAG T [N 766 TTC TTT [¥§) AAT AT ET 1 [ N
KY417143_Bat_SARS_like_CoV_Rs4881 AAG CAC T6G TTC TTT [VYE BAE FAT 67 [ TN
KY417149_Bat_SARS_like_CoV_Rs4255 AAG GAC pels @) T6G TTC TTT [¥d BAC FAT E7T [ MY

Th eo Ut'Of'fra me GAGACG MK211378_CoV_BtRs_BetaCoV_YN2018D AAG EAC (I8 [@] TeG TTC TTT VN4 BAG TAT EFT [ TN
< 4 . . . FJ588686_Bat_SARS_CoV_Rs672_2006 AAG EAC s @Y TG TTC TTT Vs BAE FAT 677 [ 1: N
restriction site Is fO un d N MK211377_CoV_BtRs_BetaCoV_YN2018C AAG EAC e @) TG TTC TTT N4 AAQ TAT 67T [E TN
KY417142_Bat_SARS_like_CoV_As6526 AAG (s [INj T6G TTC TTTWE AGG|AAA

only three of 58 Bt _SARS_Like_Cov_ [racjear EFS A AT 7 [T 0

KY417147_Bat_SARS_like_CoV_Rs4237 AAG CAG s @) 766 TTc 71T [Yd A FAT 677 [ TN

GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG GCT BET 116
BTCATG TTT AAT BGA 67T [T TTT AGT BCE ¢ GAG GAG GCT GCT Ti6
GTC ATG TTT AAT GGA oTT A 77T AcT BEE [FTE GAG GAG cCT BET T16
BTCATG TTT AAT BGA 6TT I TTT AGT |ACE TTC GAG GAG GCT GCT T16
BTC ATG TTT AAT BGA a7 [T TTE AcT CE ¢ GAG GAG GCA GCT T76
GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG cCT BET 116
BTCATG TTT AAT BGA 6TT I TTT AGT |ACE TTC GAG GAG GCT GCT T16
GTCATG TTT AAT BGA 67T TTT AGT CE ¢ GAG GAG GCT GCT 116
GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG cCT BET 116
BTCATG TTT AAT BGA 6TT I TTT AGT |ACE TTC GAG GAG GCT GCT T16
GTCATG TTT AAT BGA 67T/ TTT AcT BCE T GAG GAG GCT GCT Ti6
GTE ATG TTT AAT GGA 6TT A TTT AGT ACT [FTC GAG GAG cCT BET T16
BTCATG TTT AAT BGA GTT I TTT AGT [BCE TTC GAG GAG GCT BCT T16
GTCATG TTT AAT BGA 67T/ TTT AcT BCE T GAG GAG GCT GCT Ti6
GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG cCT BET 116

sa rbecovi ruses in Cl u d | ng KY417148_Bat_SARS_like_CoV_Rs4247 AAG GAC [ae @) T6G TTC 77T [¥Yd BAE FAT E7 T [V (VY] BGA GTC€ ATG TTT AAT BGA 67T [To TTT AGT BEE ¢ GAG GAG GCT GCT 116
’ MK211375_CoV_BtRs_BetaCoV_YN2018A AAG CAC ifee [¥] TG TTC TTT VY4 RAC TAT EFT [ [N RGN GTC ATG TTT AAT GGA 6 TT XA 77T AGT BEE TTT GAG BAG cC T BET 16

SARS-COV-Z |t iS absent in DQe71615_Bat_SARS_CoV_Rp3 AAG BAE T [¥¥e 766 TTC TTT [N AAT TAT EFT [ [V BGA GTE 676 71T AAT GGA 6TT [XA 77T AGT BEE [FTd GAG GAG GCT BET 116
KP8868@8_Bat_SARS_like_CoV_YNLF_31C AAG GAC TG TTC 77T VX4 BAG TAT EF T [ [V BGH GTE ATG TTT AAT BGA 67T [T 77T AT BEE T7C GAG GAG CT GCT 116

GTC ATG TTT AAT GGA o TT [T € AGT ACT [FTE GAA GAA GCT BET T16
BTC ATG TTT AAT BGA 6TT X9 TTT AGE ACE T7T GAG GAG 6CG GCT TTA
BTC ATG TTT AAT BGA 67T [T € AGT ACT FTC GAA GAA GCT BCT TiG
GTE ATG TTT AAT GGA 67T A 77T AcT BEE [FTE GAG GAG cCT BET 116
BTC ATG TTT AAT BGA 67T [T TTC AGE ACE T7T GAG GAG GCA GCT T16
BTC ATG TTT AAT BGA 67T I 17T BGE ACE 17T GAG GAG GCA GCT 776
GTE ATG TTT AAT GGA 67T XA 777 BGE BEE 77T GAG GAG GCT BET TTA
BTC ATG TTT AAT BGA 6TT [T TTT AGE ACE T7T GAG GAG GCT GCT TTA
GTCATG TTT AAT BGA 67T T 17T BGE ACE 17T GAG GAG GCT GCT TTA
GTE ATG TTT AAT GGA 67T XA 777 BGE BEE 77T GAG GAG GCT BET TTA
BTCATG TTT AAT BGA GTT/I& TTT BGE ACE TTT GAA GAG GCT GCT TTA
GTCATG TTT AAT BGA 67T T 17T BGE ACE 17T GAG GAG GCT GCT TTA
GTE ATG TTT AAT 666 o TT [T 7€ BGE BEE 77T GAA GAG GEA GET TTA
BTC ATG TTT AAT GG 7T [To TTC AGE ACE 17T GAA GAG GCA GCT TTA
GTC ATG TTT AAT 66 67T [T TTC AGE ACE 17T GAA GAG GCA GCT TTA
GTT 6T 77T AAT GGA BTC A 77T BGE ACT TTT GAA GAA GCT BET 116
GTT GTT 77T AAT GGA 67T [ 77T BGE AcT T7T GAG BAG GCT BET CTG

RaTG13. KJ473815_BtRs_BetaCoV_GX2013 AAG GAG [epi @6 TG TTC TTT [NN) AAT AT BT T [T 0
KF569996_Rhinolophus_affinis_CoV_LYRall AAG GAC s [@Ne T6G TTC TTT [¥Xd BAC FAT E7T E MY

JX993988_Bat_CoV_Cp_Yunnan2@11 AAG BAE [egl [ 766 TTC TTT [N AAT FAT EFT [E TN
MK211374_CoV_BtR1_BetaCoV_SC2818 AAG CAC TGG TTC TTT AGE BAE FAT 677 [ TN
KJ473814_BtRs_BetaCoV_HuB2013 AAG CAC i) @) T6G TTC TTT e BAG TAT 67T [E TN
DQ412043_Bat_SARS_CoV_Rm1 Y5 GAE TG TTC TTT VY] BAG TAT EF T [ TN
KY938558_Bat_CoV_strain_16B0133 AAG GAC fJs [T T6G TTC TTT [W) BAE TAC EFT|RAG AGA
DQ412042_Bat_SARS_CoV_Rf1 AAG GAC TGG TTC TTT ) BAG TAC ETTRAG AGA
DQ648856_Bat_CoV_BtCoV_273_2005 AAG CAC [[ee @8 TGG TTC TTT [VN] ARG TAC EFT|RAG AGA
KJ473812_BtRf_BetaCoV_HeB2813 AAG EAG s @8 T6G TTC TTT VY] BAE TAC ETTRAG AGA
KY77086@_Bat_CoV_Jiyuan_84 AAG CAG s @¥e T6G TTC TTT VN BAE TAC ETTRAG AGA
JX993987_Bat_CoV_Rp_Shaanxi2e11 AAG EAC [fee @8 TeG TTC TTT [Ne BAE TAC EFT [eE TN
GQ153542_Bat_SARS_CoV_HKU3_7 AAG BAE TTC [d§) T6G TTC TTT AGT BAG FAT ETTlAc TN
DQP22385_Bat_SARS_CoV_HKU3_1 AAG BRE TTC [d§] T6G TTC TTT AGT BAG FAT EFTjhAc TN
GQ153547_Bat_SARS_CoV_HKU3_12 AAG EAG TTC [} TGG TTC TTT AGT BAC FAT ETTac TN
KY352407_SARS_related_CoV_strain_BtKY72 AAG EAE e [N T6G TTC FTC AGE BAE FAT ETCAG M
NC_814470_Bat_CoV_BMA48_31_BGR_2808 AAG CAT TGG TTC TTT AGT AAT TAC ETGRAG T
Introns




RaTG13 Bsal Restriction Site 10,435

RaTG13 10438 TATGAGACCTAACTTTACAATTAAGGGTTCATTCCTTAATGGTTCTTGTGGTAGTGTTGG 10497

CoV-2 10441 TATGAGGCCCAATTTCACTATTAAGGGTTCATTCCTTAATGGTTCATGTGGTAGTGTTGG 10500

LLEEEE T P P TEEEEEE LR EE L EEe e TEEELEE il

RaTG13

CoV-2

5'3' Frame 2

tatgagacctaactttacaattaagggttcattccttaatggttcttgtggtagtgtt
M R P N F T I K G S F L N G S5 C G S V

53" Frame 2

tatgaggcccaatttcactattaagggttcattccttaatggttcatgtggtagtgtt
M R P N F T I K G S F L N G S C G S V

Synonymous mutation in homologous peptide region







RaTG13 Bsal Restriction Site 11,651

RaTG13 11638 TTACTTTGGTCTCTTTTGTTTACTCAACCGTTACTTTAGACTGACTCTTGGTGTTTATGA 11697

LELEELEEE TEEEEEE e e e Fee e e e e e er |

CoV-2 11641 TTACTTTGGCCTCTTTTGTTTACTCAACCGCTACTTTAGACTGACTCTTGGTGTTTATGA 11700

~5'3" Frame 2

RaTG13 ttactttggtctcttttgtttactcaaccgttactttagactgactcttggtgtttat
Yy ¥ 6 L, ¥ C L. L. N R Y ¥F R L T L G V Y

~5'3" Frame 2

ttactttggcctcttttgtttactcaaccgctactttagactgactcttggtgtttat
Yy ¥ 6 Lb,. F ¢ L L. N R Y F R L T L G V Y

CoV-2

Synonymous mutation in homologous peptide region



RaTG13 Bsal

Restriction Site 11,651

The in-frame GGTCTC site is
found in only three of 57

sarbecoviruses, including
RaTG13 but not SARS-CoV-2.

55 of 58 sarbecoviruses,
including SARS-CoV-2, have
this restriction site
extinguished.

NC_@45512_SARS_CoV_2 Wuhan_ Hu_l aa L V Y € F L G ¥ F C T C Y F
NC_845512_SARS_CoV_2_Wuhan_Hu_1 CTAGTT TAT TGT TTC TTA GGC TAT TTT TGT ACT TGT TAC TT
MN996532_Bat_CoV_RaTG13 CTAGTT TAT TGT TTC TTA GGC TAT [FTG TGT ACT TGT TAC TT
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 CTAGTT TAT TGT TTC TTABGT TAT if@ TGT ACT TGT FAT TT
MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21CTAGTT TAT TGT TTC TTA G&T TAT [F¥€ TGT ACT TGT FAT TT
NC_8@4718_SARS_CoV BTl GTT TAT TGT TTC TTA GGC TAT [fei GG [Id T8¢ TAC TT
KT444582_SARS_like_CoV_WIV16 BTN GTT TAT TGT TTC TTA GGC TAT e TGE TATTT
KY417146_Bat_SARS_like_CoV_Rs4231EFT GTT TAT TGT TTC TTA GG TAT [feli GG [Id T6¢ TAC TT
MK211376_CoV_BtRs_BetaCoV_YN2018B ETT GTT TAT TGT TTC TTAGGC TAT feq] T6Q TATTT
KY417151_Bat_SARS_like_CoV_Rs7327 BF¥ GTT TAT TGT TTC TTA GGC TAT [{ej GG [{ld T6C TAT 1T
KY417152_Bat_SARS_like_CoV_Rs9401[ETT GTT TAT TGT TTC TTAGGC TAT e T6E
KY417144_Bat_SARS_like_CoV_Rs4@84 EFT GTT TAT TGT TTC TTA GGC TAT [fej GG [{ld T6E TAT 1T
KF367457_Bat_SARS_like_CoV_WIV1ETT GTT TAT TGT TTC TTAGGC TAT fep] T6C [{le TGE TAT TT
KU973692_UNVERIFIED_SARS_related_CoV_F46 EFT GTT TAT TGT TTC TTA GGC TAT [feli FGE (el F6¢ TAC TT
KY417145_Bat_SARS_like_CoV_Rf4092 €T GTT TAT TGT TTC TTA GGC TAT [{cil TGC <l8 TGE TAT TT
KJ473816_BtRs_BetaCoV_YN2013 EFf GTT TAT TGT TTC TTA GGC TAT [{eii FGC (Id T6¢ TAT 1T
KY770858_Bat_CoV_Anlong_103 ETT GTT TAT TGT TTC TTA BGT TAT Lfcil TGC [f<l8 TGE TAC TT
KY417143_Bat_SARS_like_CoV_Rs4@81EFT GTT TAT TGT TTC TTA GGC TAT [fa T6¢ AT TT
KY417149_Bat_SARS_like_CoV_Rs4255 €T GTT TAT TGT TTC TTA GGC TAT [fcil TGC <l8 TGE TAT TT
MK211378_CoV_BtRs_BetaCoV_YN2018D EFT GTT TAT TGT TTC TTA GGC TAT [fegi T6€ AT TT
FJ1588686_Bat_SARS_CoV_Rs672_2006 ETT GTT TAT TGT TTC TTA BGT TAT ifepl TGC [{le TGE TAC TT
MK211377_CoV_BtRs_BetaCoV_YN2018C EFf GTT TAT TGT TTC TTA GGC TAT [{ej [FGC [{Jd T&6¢ TAT 1T
KY417142_Bat_SARS_like_CoV_As6526 €T GTT TAT TGT TTC TTA GGC TAT [{cil TGC i<l8 TGE TAT TT
KY417147_Bat_SARS_like_CoV_Rs4237 EFT GTT TAT TGT TTC TTA GG TAT [feli FGC [[d T6¢ TAC TT
KY417148_Bat_SARS_like_CoV_Rs4247 €T GTT TAT TGT TTC TTA BGT TAT Lfci TGC <8 TGE TAC TT
MK211375_CoV_BtRs_BetaCoV_YN2018A BFT GTT TAT TGT TTC TTA B&T TAT [{eii FGC [[d T6E TAC TT
DQO71615_Bat_SARS_CoV_Rp3 BTN GTT TAT TGT TTC TTA BGT TAT Lfcii TGC e TGE TAC TT
KP886808_Bat_SARS_like_CoV_YNLF_31C BF¥ GTT TAT TGT TTC TTA GGC TAT [fe] FGC [{Jd F6E TAC TT
KJ473815_BtRs_BetaCoV_GX2013 EFf BTC TAT TGT TTC TTA GGC TAT [{ej] [FGE [[d T6E TAC TT
KF569996_Rhinolophus_affinis_CoV_LYRall EFH BT TAT TGT TTC TG GGC TAT [{de [fGE [{a) T8¢ TAC TT
JX993988_Bat_CoV_Cp_Yunnan2e1l EFT GTT TAT TGT TTC G GGC TAT (o) T6C [ TGE TAC TT
MK211374_CoV_BtR1_BetaCoV_sC2018 BT GTT TAT TGT TTC TTA GGC TAT [[el] TGC {8 fGE TAC TT
KJ473814_BtRs_BetaCoV_HuB2013 E¥T BTG TAT TGT TTC TTA GGC TAT [fei FGE (e F6E TAC TT
DQ412043_Bat_SARS_CoV_Rml €T BTG TAT TGT TTC TTA GGC TAT [[el TGE {Meyl F6E TAC TT
K¥938558_Bat_CoV_strain_16B0133 BT BTG TAT TGT TTC TTA GGC TAT [fep TGE (e TGT TAC TT
DQ412042_Bat_SARS_CoV_Rf1 BT BTG TAT TGT TTC TTA GGC TAT el TGE eyl FGE TAC TT
DQ648856_Bat_CoV_BtCoV_273_2005 BTt BTC TAT TGT TTC TTA GGC TAT (e GG [ TGE TAC TT
KJ473812_BtRf_BetaCoV_HeB2013 EFT GTT TAT TGT TTC TTA GGC TAT [feii F6E (e F6E TAC TT
KY77@860_Bat_CoV_Jliyuan_s84 EFT BTC TAT TGT TTC TTA GGC TAT [{a) GG [l TGE TAC TT
JX993987_Bat_CoV_Rp_Shaanxizell TAT TGT TTC TTA GGC TAT [fe]] TGE Liep) FGE TAC TT
GQ153542_Bat_SARS_CoV_HKU3_7 BT BTC TAT TGT TTC TTA GGC TAT [{a] TGT el TGE TAC TT
DQO22305_Bat_SARS_CoV_HKU3_1ETT GTT TAT TGT TTC TTAGGC TAT TGT e FGE TAC TT
GQ153547_Bat_SARS_CoV_HKU3_12 BT GTT TAT TGT TTC TTA GGC TAT [f&ij TGT [l GG TAC TT

G LJfF ¢ L L NRY F R LT LGV
GGC CTC JTT TGT TTA CTC AAC CGC TAC TTT AGA CTGACT CTT GGT GTT
GGT CTC {TT TGT TTACTC AAC 6T TAC TTT AGACTG ACT CTT GGT GTT
BGT CTC [JTE TGT TTA CTC AAC CGC [TAT 77T BBE EFT ACT CTT GGT GTT

GGT CTC JTE TGT TTA CTC AAC CGC TAT TTT BBG ETT ACT CTT GGT GTT
GGC BT JTC TGT TTA CTC AAC BGT TAC TE BGE EFT ACT CTT GGT GTT
GGC ETT JTE TGT TTA CTC AAC BBT TAC ACT CTT GGT GTT
GGC BT JTC TGT TTA CTC AAC BGT TAC TE BGE EFT ACT CTT GGT GTT
GGC ETT JTE TGT TTA CTC AAC BBT TAC ACT CTT GGT GTT
GGC BT JTC TGT TTA CTC AAC BGT TAC TE BGE EFT ACT CTT GGT GTT
GGC ETT JTE TGT TTA CTC AAC BBT TAC ACT CTT GGT GTT
GGC BT JTC 16T TTA CTC AAC BGT TAC TE BGE EFT ACT CTT GET GTT

GGC ETT
Gac ETT
GGC ETT

TGT TTA CTC AAC EGT TAC [TTC BBG ETT ACT CTT GGT GTT
TGT TTA CTC AAC CGC TAC [FT€ BGE EFT ACT CTT GGT GTT
TGT TTA CTC AAC EGT TAC [TTC BBG ETT ACT CTT GGT GTT

GGC BT JTC 16T TTA CTC AAC BGT TAC TE BGE EFT ACT CTT GET GTT
GGC BTT JTC TGT TTA CTC AAC EGT TAC [TTC AGG ETT ACT CTT GGT GTT
GGC BT FTC 76T TTA CTC AAC B&T TAC ACT CTT GGT GTT
GGC BTT JTC TGT TTA CTC AAC EGT TAC [TTC AGG ETT ACT CTT GGT GTT
GGC BT FTC 76T TTA CTC AAC B&T TAC ACT CTT GGT GTT
GGC BTT JTC TGT TTA CTC AAC EGT TAC [TTC AGG ETT ACT CTT GGT GTT

Gac ETT
GGC ETT
Gac ETT
GGC ETT
Gac ETT
GGC ETT
Gac ETT
GGC ETT
GGc ETT

TGT TTA CTC AAC E&T TAC € BGE EFT ACT CTT GET GTT
TGT TTA CTC AAC EGT TAC [TTC BBG ETT ACT CTT GGT GTT
TGT TTA CTC AAC E&T TAC € BGE EFT ACT CTT GET GTT
TGT TTA CTC AAC EGT TAC [TTC BBG ETT ACT CTT GGT GTT
TGT TTA CTC AAC E&T TAC € BGE EFT ACT CTT GET GTT
TGT TTA CTC AAC B&T TAC ACT CTT GGT GTT
TGT TTA CTC AAC E&T TAC € BGE EFT ACT CTT GET GTT
TGT TTA CTC AAC CGC TAC [iT6 BGE BT ACT CTT GGT GTT
TGT TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
TGT TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
TGT TTA CTC AAC E&T TAC € BGE EFT ACT CTT GGT GTT
TT TGT TTA CTC AAC BGT TAC TTT AGA BT ACT CTT GGT GTT
TT &g TG CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC CTC 7T [fGE TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC CTC JTT TGT TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC CTC JTT TGT TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC CTC JTT TGT TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC BT {77 [F6C TTA CTC AAC CGC AT TTT AGA BFT ACT CTT GGT GTT
GGT ETF 177 T8¢ TTA CTC AAC BGE TAC TTT AGA BFT ACT CTT GGT GTT
GGC A {77 [FGE TTA CTC AAC CGC TAC TTT AGA BT ACT CTT GGT GTT
GGC FTA JTT TGT TTA CTC AAC CGC TAT TTT AGA ETT ACT CTT GGT GTT
GGC [TTA 7T TGT TTA CTC AAC CGC AT TTT AGA BFT ACT CTT GGT GTT

KY352407_SARS_related_CoV_strain_BtKY72 ETT BTE TAT TGT g8 TTA GGC TAT FTC TGT e TG T FAT L 6GC TT TGT TTA CTC AAC CGC TAC TTT AGA LI ACT il GGT GTT

NC_814470_Bat_CoV_BM48_31_BGR_2008 EFT GTT TAT TGT TTC TG GGC TAT [feii 66 (& TGT TAC TT

o S S

--F TGT TTA CTC AAC CGC [TAT TTC AGA TTA ACT CTT GGT BTG




RaTG13 BsmBI Restriction Site 22,925

RaTG13 22918 CCGTCTCTTTAGAAAAGCTAATCTTAAACCCTTTGAGAGGGATATCTCAACTGAAATTTA 22977

L e e e e LEErreer Feer e 1

CoV-2 22921 TAGATTGTTTAGGAAGTCTAATCTCAAACCTTTTGAGAGAGATATTTCAACTGAAATCTA 22980

5'3' Frame 2

RaTG13 ccgtctctttagaaaagctaatcttaaaccctttgagagggatatctcaactgaaatt
R L F R K A N L K P F E R D I S T E 1

5'3' Frame 2

CoV-2 tagattgtttaggaagtctaatctcaaaccttttgagagagatatttcaactgaaatc
R L. » R K S N L K P F E R D I S T E I

Synonymous mutation in homologous peptide region




NC_@45512_SARS_CoV_2 Wuhan_Hu 1 aa Y L Y| R L
NC_@45512_SARS_CoV_2_Wuhan_Hu_1 TAC CTG TA[ AGA TTG
MN996532_Bat_CoV_RaTG13 FAT ETT
MG772933_Bat_SARS_like_CoV_bat_sSL_Covzcas TAC s e
MG772934_Bat_SARS_like_CoV_bat_SL_Covzxc21 TiT Mdd el
NC_ee4718_SARS_Cov AT MY TAT
KT444582_SARS_like_CoV_wIvie T&T NI 1AL
Re St ri Ct i on Site 2 2 9 2 5 KY417146_Bat_SARS_like_CoV_Rs4231 AT TTA TAT
) MK211376_CoV_BtRs_BetaCoV_YN20188B TAT ¥ TAT
KY417151_Bat_SARS_like_CoV_Rs7327 AT MY TAT
KY417152_Bat_SARS_like_CoV_Rs94e1 TAT MY TAY
KY417144_Bat_SARS_like_CoV_Rs4084 TAT TTA TA[
KF367457_Bat_SARS_like_Cov_WIV1 FAT MM TAf
KU973692_UNVERIFIED_SARS_related_CoV_F46 TAT LRl TAY
KY417145_Bat_SARS_like_CoV_Rf4092 TAT LRI TAT

F R K S N L K P F E R DI S TETI Y Q A G S T P C
TT AGG AAG TCT AAT CTCAAACCT TTT GAG AGA GAT ATT TCAACT GAAATC TAT CAG GCC GGT AGCACACCT TGT

7T BGA BRA &) AAT BT AAA BEE TTT GAG BGE GAT BTE TCA ACT GAA AT TAC CAA GEA G6E Acc ¥ ccT 76T
IXe BAR T-- --- -TG AAA BCA 77T GAA AGA GAT [l TCE A AN N === === === === === === === ---
[ BAA T-- --- -TA AAA B TTT GAR AGA BAC 3 TCAGATIGA G e
S AGA Y S8 VXS 5 YClE 668 77 GAG AcA B A TET TR 56 e LS i< Ss5) T 58 Y e [iee
iis BGA Y] I<Td [YXE BT el CCT TTT GAG AGA GAT ATT TG [Nl 51 (9o Liie ifey <o) =) fe ¥ ccT 76T
iTTL L acclqgaacl e nlancldagTaTied < o TTAL S JAAclGACKRERENITCAICCT]CC JGGTICAGITCTRICY
B AGA TN [T 1YY B IS 686 777 GAG Aca GAE AT CT TR LI (eI LN W 1) <N SIS TV 66A 6T
-TelLfeaTlaaciaacl S njAGGI - Rupl Ry O Pl = JaaTlGTGlcCTTTCITCClCCTIGACIGGClAAAL S el
pL1e AGA TN S8 VXS B [YS[E 666 777 GAG AcA GG AT [TEH TV SIS (S LS S Sy X CEe 2V 66 Tt
T JaGR{eganGl s s faacteagTATeRd o L fTTAL (= JaAclGACEN{eR T CAICCT]C JGGTCAGITCTLC
Rie AGA ) T8 ¥Xe BFF e[S CCT TTT GAG AGA GAT ATT TG VN 51i<) [Sleii LYe ife e Y fe (YA cCT 16T
WYs EGE [+ AGT [Y¥< E7T AAA ECA FTE GAG EGH GAT [ql] TCA (o TN GA- - -A IVYe g ) &g AcA [oe e
Ye EGC e AGT VXS 7T AaA BEA € cAG BGA GAT [qi TCA = 8 GA- --A Vs o) SR e AcA SiE e

RaTG13 BsmBIl

The in_fra me CGTCTC KJ473816_BtRs_BetaCoV_YN2013 TAT Il TAl Y| CGE (s Yele YY1 F7A BAG ECA 77T GAG EGT GAT [q] TCT e e GA- - -G VN1 <leq i &em) AcA ami e
KY770858_Bat_CoV_Anlong_103 AT i TAl Y] CGC [fele [Yele [Y:Y) A BAG CCA 77T GAG BGT GAT [Si TCT ey [Ye GA- - -6 IV el i (i AcA Sl e

restriction site in RaTG13 is KY417143_Bat_SARS_like_CoV_Rs40g81 AT M TAl [oe CGA RAA e [¥¥3 BT AAA CCT TTT GAG BGE GAT 972 e e F%e GA- --A N1 5 5 a1 ACT 9 X
KY417149_Bat_SARS_like_CoV_Rs4255 AT NI TAT [l AGA AAA [T YY) 6T AAA CCT TTT GAG BGE GAT [G TCT ey T8 GA- --A N i SR a1 ACT &) T

unique among MK211378_CoV_BtRs_BetaCoV_YN2@18D AT [Nl TA| [/ CGA RAA e Y BT AAA CCT TTT GAG BEE GAT [S73 e e FYe GA- --A VN1 o 5 [&ei) AET 9l e
F1588686_Bat_SARS_CoV_Rs672_2006 TAT L TA] [ole AGH RAA Yo ¥ BFF AAA CCT TTT GAG BGE GAT [q72 Meg) ien) FTYe GA- ~=A VN [eqi SR =i AT S el

Sa rbecoviruses, including MK211377_CoV_BtRs_BetaCoV_YN2@18C [FAT Wl TA[ Y1 AGA Aac [T YY) BT AAA CCT TTT GAG AEE GAC (977 TET e ¥e GA- --A V) 5 5 [ AET Sl e
KY417142_Bat_SARS_like_CoV_As6526 TAT W TAY Y951 AGA AAG [T YYD BFF AAA CCT TTT GAG AGE GAG (477 TCT e e GA- -=-A VN e 5ivA =i AT &) e

SARS-CoV-2. KY417147_Bat_SARS_like_CoV_Rs4237 AT i TA[
KY417148_Bat_SARS_like_CoV_Rs4247 TAT I TAT
MK211375_CoV_BtRs_BetaCoV_YN2018A TAT LN TAT
. . e . DQe71615_Bat_SARS_CoV_Rp3 AT X8
The leucine amino acid in KP8BE808_Bat_SARS_Like_ Cov_YNLF_31c AT [iE] TA

KJ473815_BtRs_BetaCoV_GX2013 TAT NI

Jole AGA RAA MY Y EFF AAA CCT TTT GAG BGE GAT [ TCT ey e GA- --A IV g 57 i ACT S e
e EGT AAG Yo [¥XE CTC BAG CCT TTT GAG AGA GAT [ TCG o TN TN Elehi VN el i e AcA o g
WYs CGT AAG ey [YXE cTC BAG CCT TTT GAG AGA GAT [l TG e TN ) (e Vs el il P AcA [l e
e 666 AAG [Teq) Y0 BT AAA CCT TTT GAG AGA GAG (S TCT e N1 GA- --A VN g 5iR =1 ACT S e
Y| CGT (< AGT YY1 FTA AaA BEG TTT GAG AGA GAE [GfE TCA [T GAA GA- --A YY) ey os & AcA i e
1 66 AAG ey YYD A BAG cCT TTT GAG AGA GAT [Sf FET L= =N TN Eleii AV <o iR e ACA Sl e

the restriction site Is not KF569996_Rhinolophus_affinis_Cov_LYRa11 AT M 1A iis BGA Y] gy YYE BT (X0 E6R 77T GAG AGA GBE ATT TG N1 5c Moy L (e (<o) TN <oy FY cc T FGE
fOUﬂd in 56 out Of 58 JX993988_Bat_CoV_Cp_Yunnan2e11 FAT [N Yo BGA AAG [Te) [¥Xe EFF AAA CCT TTT GAG AGA GAG [S1 TET = N1 GA- --A VN g 5 =i ACT il e

MK211374_CoV_BtR1_BetaCoV_sC2018 AT [N TA e 6T AAG o] VXS BT AAA CCT TTT GAG AGA GAT [did GAT|GAT|GGT|AAT|GGT|GTAITATENCTT|TCA|
sarbecoviruses. KJ473814_BtRs_BetaCoV_HuB2013 TAT WYs CGE AAG ey [YX< BT BAG CCT TTT GAG AGA GAT I TEE oI G-= === === -== - === === == :--

DQ412043_Bat_SARS_CoV_Rm1l AT
KY938558_Bat_CoV_strain_16B0133 TAT Wi TA
DQ412042_Bat_SARS_CoV_Rf1 AT Ll TA

7Y BGA AAG YA YYD CTC AAA CCT TTT GAG BGE GAT I TCARI G-~ - F=- F== - - - -

5] G o GG TV A A4 BEC T A AGA AR I CA T 6= 22 22 222 22 s 2os 2s s 2
5] G {5 GG [V A A4 BEC TTT B AGA BAG I TCA I = =3 s s 2s Fs s s s e

The consensus dipeptide is DQs48856_Bat_Cov_BtCov_273_2ees A A TA 1] 6 (o] GG 20T A Aa B6E TTT AR AGA BB G TA [IT == === === 2= === 222 2= s 2as 2
KJ473812_BtRf_BetaCoV_HeB2013 FAT Rl TA 7] €GC s AGE [V T7A AAA BEC 77T GAR AGA GRE @RI TCAEAG- -~ - F--F-- - -

71 €GC (o) AGC YYD A AAA BCC TTT GAR AGA GRC [QRI TCAAG-- F=- F== F== - b m e - -
[o5 BGA AAG YA YY1 CTC AAA CCT TTT GAG BGG GAT I TCA A G== === === m== - === === == --
7] €6C AAG ey [YXe A BAG CCT TTT GAG AGA GAT [QIE TCT e G-- == == === - === --
WY CGE AAG ey VX< TTA BAG CCT TTT GAG AGA GBE [qfe TCT oI G-= === === === == === === - = ---
71 €6C AAG ey [YXe A BAG cCT TTT GAG AGA GRE M feT e G-- - -—--—- - - - -
Wl - JcATlsGGIAAGIATCRERY e TAT|- ] =< Ay gl = faaTloTClCTTREIAATITCAIGC TIGGTIGGTIACGEl
L JeaTjaGAIAGIATTERVY e TATIGGE e f o deTTh e aaT]eTTiCTT|TTTIAACICCTITCAJGE TIGGTIACARICH

RS, not RL. KY77086@_Bat_CoV_Jiyuan_g4 TAT LR TA

JX993987_Bat_CoV_Rp_Shaanxi2e11 TAT i) TA
GQ153542_Bat_SARS_CoV_HKU3_7 TAT
DQ®22385_Bat_SARS_CoV_HKU3_1 TAT

GQ153547_Bat_SARS_CoV_HKU3_12 AT
KY352407_SARS_related_CoV_strain_BtKY72 TA- -----
NC_©14470 Bat_CoV_BM48_31_BGR_2008 BGG [T




SARS-CoV-2 Bsal Restriction Site 24,096

RaTG13 24044 TTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGGGATCTTATTTGTGCT 24103

CoV-2 24059 TTCATCAAACAATATGGTGATTGCCTTGGTGATATTGCTGCTAGAGACCTCATTTGTGCA 24118

RaTG13

CoV-2

5'3' Frame 1

ttcatcaaacaatatggtgattgccttggtgatattgctgctagggatcttatttgtgct
F I K @ ¥ 6 D C L 6 D I A A R D L I C A

5'3' Frame 1

ttcatcaaacaatatggtgattgccttggtgatattgctgctagagacctcatttgtgca
F I K ¢ ¥ 6 D ¢ L 6 D I A A R D L I C A

Synonymous mutation in homologous peptide region




SARS-CoV-2 Bsal

Restriction Site 24,096

The out-of-frame GAGACC
restriction site is found in
18 out of 57 but not
RaTG13.

NC_@45512_SARS_CoV_2 Wuhan_ Hu 1 aa L G D I A A
NC_B45512_SARS_CoV_2_Wuhan_Hu_1 CTT GGT GAT ATT GCT GC
MN996532_Bat_CoV_RaTG13 CTT GGT GAT ATT GCT GC
MG772933_Bat_SARS_like_CoV_bat_SL_CovzC45 TG GGT [Seg ATT e 6C
MG772934_Bat_SARS_like_CoV_bat_SL_CoVzXC21 [f¥6 GGT GAT ATT [{&] GC
NC_8e4718_SARS_CoV ETA GGT GAT ATT [I§j 6C
KT444582_SARS_like_Cov_WIvie ETAGGT GAT ATT¥RjGC
KY417146_Bat_SARS_like_CoV_Rs4231 ETA GGT GAT AAT[cls
MK211376_CoV_BtRs_BetaCoV_YN2018B ETA GGT GAT ATT [I§j GC
KY417151_Bat_SARS_like_CoV_Rs7327 ETAGGT GAT ATT [¥j 6C
KY417152_Bat_SARS_like_CoV_Rs9401 ETAGGT GAT ATT[¥§jGC
KY417144_Bat_SARS_like_CoV_Rs4084 ETA GGT GAT ATT [¥§j6C
KF367457_Bat_SARS_like_CoV_WIV1 ETHGGT GAT ATT [M§jGC
KU973692_UNVERIFIED_SARS_related_CoV_F46 ETAGGT GAT ATT [T 6C
KY417145_Bat_SARS_like_Cov_Rf4092 ETABGEE GAT ATT &) 6C
K3473816_BtRs_BetaCov_yN2013 ETH BEE 6aT ATT [Iegi 6C
KY770858_Bat_CoV_Anlong_103 ETABGE GAT ATT [Ij 6C
KY417143_Bat_SARS_like_CoV_Rs4881 ETAGGT GAT ATT [Ifj 6C
KY417149_Bat_SARS_like_CoV_Rs4255 ETAGGT GAT ATT[¥§jGC
MK211378_CoV_BtRs_BetaCoV_YN2018D ETH 66T GAT ATT[I§j 6C
FJ1588636_Bat_SARS_CoV_Rs672_2006 ETA BGC GAT ATT [Ie 6C
MK211377_CoV_BtRs_BetaCoV_YN2018C ETH 66T GAT ATT [I§j GC
KY417142_Bat_SARS_like_CoV_As6526 ETA GGT GAT ATT [¥§jGC
KY417147_Bat_SARS_like_CoV_Rs4237 ETAGGT GAT ATT [¥fjGC
KY417148_Bat_SARS_like_CoV_Rs4247 ETAGGT GAT ATT [Ij GC
MK211375_CoV_BtRs_BetaCoV_YN2018A ETH 66T GAT ATT [I§j GC
DQO71615_Bat_SARS_CoV_Rp3 ETA BBE GAT ATT & 6C
KP886808_Bat_SARS_like_CoV_YNLF_31C TG 6T Jaqy ATT Mg 6C
KJ473815_BtRs_BetaCoV_GX2013 ETA BGE GAT ATT [Ij 6C
KF569996_Rhinolophus_affinis_CoV_LYRa11 ETA BGE GAT ATT &) 6C
JX993988_Bat_CoV_Cp_Yunnan2011 ETA BEE GAT ATT [Mejj 6C
MK211374_CoV_BtR1_BetaCoV_5C2018 ETA GGT GAT ATT [Iqj 6C
KJ473814_BtRs_BetaCoV_HuB2013 ETA BGE GAT ATT [ljj 6C
DQ412843_Bat_SARS_CoV_Rm1 ETA BBE GAT ATT & 6C
KY938558_Bat_CoV_strain_16B0133 TG cGT Haq) ATT M8
DQ412042_Bat_SARS_CoV_Rf1ETG 66T e ATT [N
DQ648856_Bat_CoV_BtCoV_273_2005 BTG 66T el ATT MY
KJ473812_BtRf_BetaCoV_HeB2013 FiG GG T e ATT Y
KY77086@_Bat_CoV_Jiyuan_84 TG GGT Haq) ATT 8
JX993987_Bat_CoV_Rp_Shaanxi2e11 ETH BGE 6aT ATT [I&gi 6C
GQ153542_Bat_SARS_CoV_HKU3_7 ETA GGT GAT GC
DQe22305_Bat_SARS_CoV_HKU3_1 ETA GGT GAT GC
GQ153547_Bat_SARS_CoV_HKU3_12 ETA GGT GAT GC
KY352407_SARS_related_CoV_strain_BtKy72 A 66T [Hep) ATA ) 6C
NC_014476_Bat_CoV_BMA48_31_BGR_2008 TTAGGT AAT[<l

I ¢ A Q KF NG LTV LPPTILILTDTEWMTI
CATT TGT GCA CAA AAG TTT AAC GGC CTT ACT GTT TTG CCA CCT TTG CTC ACA GAT GAA ATG ATT
ATT TGT BET CAA AAG TTE BAT GGC CTT ACT GTT BTG CCA CCT TTG CTC ACA GAT GAA ATG BTG

ATT TGT BET CAA AAG [TTC BAT 6GA CTT ACT BTC TTA cCA BEA TTG CTC ACA GAT GAA ATG BTG
ATT TGT BET CAA AAG TTC ETE ACT GTC TTA CCAGCA TTG CTC ACA GAT GAA ATG ATC
CATT TGT GEG EAG AAG [TTE BAT GGA cT1 BEA BTE 776 ccA ccT BTG cTC BET GAT [N ATGATT
CATT TGT GEG EAG AAG [TTC RAT GGA 1T BEA GTE E76 CCA CCT BTG cTC ACT GAT [N ATGATT
C ATT TGT GEG EAG AAG TTC BAT GGA ¢ 7T BEA BTG 176 CCA cCT BTG cTC BET GAT I§J ATG ATT
C ATT TGT BCG CAG AAG [TTC MAT GGA CTT ACA BTG TTG CCA CCT TTG CTC ACT GAT [NjATG ATT
CATT TGT GEG EAG AAG [TTE BAT GGA cT1 BEA BTE 776 ccA ccT BTG cTC BET GAT [N ATGATT
CATT TGT GEG EAG AAG [TTC RAT GGA 1T BEA GTE 776 CCA CCT BTG cTC AET GAT [N ATGATT
C ATT TGT GEG EAG AAG TTC BAT GGA ¢ 7T BCA BTG €76 ccA ccT BT6 cTc BET GAT ] ATG ATT
C ATT TGT BCG CAG AAG [TTC MAT GGA CTT BACA BTG BTG CCA CCT BTG cTC ACT GAT [INjATG ATT
CATT TGT BEQ CAA AAG [TTE BAT GGA cTT BEA GTE ETA ccA A TTG CTC ACA GAT GAAATGATT

CATT TGT GET EAG AAG [FTE AAC GG CTT ACT GTE ETA CCA A TTG CTC ACA GAT GAAATGATT
C ATT TGT GET EAG AAG TTE AAC BGA CTT ACT GTC ETA CCA BEA TTG CTC ACA GAT GAAATG ATT

C ATT TGT BCT CAG AAG [TTC MAT GGA CTT ACT BTC BTG CCA BCH TTG CTC ACA GAT GAAATG ATT
C BFE TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTE BTG CCA CCT A cTC BEGE GAT X4 ATG ATT

C BF€ TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTE TTG CCA CCT [FTA cTC BEGE GAT [IXd ATGATT

¢ B¥E TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTG ET6 CCA cCT TTA cTc BEG GAT X8 ATG BFE
C ATT TGT BET EAG AAG [TTC AAC GGA CTT ACT GTC ETA CCA BCH TTG CTC ACA GAT GAAATG ATT
C BFE TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTE BT CCA CCT FTA cTC ACA BAE I ATG ATT
C BFE TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTE BT CCA CCT FTA CTC ACA GAC [IXd ATGATT

¢ B¥E TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTG TTG CCA CCT [FTA cTC BEG GAT [IX§ ATG ATT

CATT TGT GCG CAG AAG [TTC MAT GGA CTT ACA BTG TTG CCA CCT ETA CTC ACA GAT [N ATG ATT
C BFE TGT GCA CAA AAG [TTE BAT GGC CTT ACT BTE BT CCA CCT FTA CTC ACA GAT X4 ATG ATT
CATT TGT GET EAG AAG TTT AT GGA CTT ACT GTE ETA CCA GCH BTG CTC ACA GAT GAAATGATT
¢ B¥E ToT GET CAA AAG TTT BAT GGA ¢ 7T BCA GTE ETA cCA CCT TTG CTC BET GAT I§ ATG ATT
C ATT TGT BCT CAG AAG [TTC MAT GGA CTT ACT GTC ETA CCA BCH TTG CTC ACA GAT GAAATG ATT
CATT TGT BEG CAA AAG TTT AT GGA CTT ACT BTE BT T CCA CCT TTG cTC BET GAC GAA ATGATT
CATT TGT GEG EAG AAG [TTC RAT GGA ETE ACT GTE ETT CCA cCT ETA cTC AGE GAT GAAATGATT
¢ B¥E TGT GCA CAA AAG [TTC BAT GGA ¢ TT ACT GTE ETA cCA cCT [FTA cTC BEG GAT [IX§ ATG ATT

CATT TGT GET CAA BBA TTC TG ACT GTT ETA CCACCA TTG CTC ACA GAT GAA ATG ATT
CATT TGT BET CAA AAG TTT AT GGA CTT ACT GTE ETA CCcA A TTG CTC ACA GAT GAAATGATT

C BFE 16T BET CAA AAG TTT AT TR ccACCT TTG CTC BET GAT T ATG ATT
¢ B¥E ToT GET cAA AAG TTT BAT GGA E7G ACA GTC TTA cCA CCT TTG CTC BET GAT I ATG ATT
C BTC TGT BET CAA AAG TTT BAT FTA CCACCT TTG CTC BET GAT S ATG ATT
C BFE 16T BET CAA AAG TTT BAT GGA ETE BEA GTE TTA ccA cCT TTG CTC BET GAT X4 ATGATT
C BFE 16T BET CAA AAG TTT BAT GGA ETE ACA GTE TTA CCA CCT TTG CTC BET GAT [IXd ATGATT
CATT TGT GCA CAA BBA FTE €76 ACT GTC TTA ccA BCA TTG CTC ACA GAT GAAATG ATT
BTE 76T GEC EAG AAG TTC AT GGA CTT ACT GTG ETA CCA ECA BTG CTC ACA GAT GAG ATG ATT
BTE TcT GEC EAG AAG TTE BAT BGA cTT ACT BTG ETA ECG ECA ET6 CTC ACA GAT GAG ATG FH)
BTE TcT GEC EAG AAG TTC BAT GGA CTT ACT GTG ETA cCA ECA ET6 ETT ACA GAT GAG ATGATT
ATT TGT GET| CAA AAG TTE ETCAEE GTT TTG CCA CCT [FTA EFT AcA BAE X ATG ATT

€T GAC CJC ATT TGT GCA CAA AAG TG AT GGG ETC ACA GTA ETC ccA ECC ETA cTC BET GAT GAAATG ATT




RaTG13 BsmBI Restriction Site 24,500

RaTG13 24464 ATTTCTAGCGTGTTAAATGATATCCTTTCACGTCTCGACAAAGTTGAGGCTGAAGTGCAG 24523

C9V4Z 24479 ATTTCAAGTGTTTTAAATGATATCCTTTCACGTCTTGACAAAGTTGAGGCTGAAGTGCAA 24538

5'3'" Frame 1

RaTG13 atttctagcgtgttaaatgatatcctttcacgtctcgacaaagttgaggctgaagtgcag
I s s v L. N D I L S R L D K V E A E V Q

5'3" Frame 1

atttcaagtgttttaaatgatatcctttcacgtcttgacaaagttgaggctgaagtgcaa
rI s s v L. N D 1T L. S R Lh. D K VvV E A E V Q

CoV-2

Synonymous mutation in homologous peptide region



RaTG13 BsmBl

Restriction Site 24,500

The in-frame restriction site
CGTCTC is found only in
RaTG13 and in no other
sarbecoviruses

The SARS-COV-2 sequence
CGT-CTT is found in BANAL-
52,-103, and -236 but in no
other sarbecoviruses

NC_@45512_SARS_CoV 2 Wuhan Hu_ 1 aa T L V K Q@ L S S N F G A I s s V L N D I L s
NC_e45512_SARS_CoV_2_Wuhan_Hu_1 ACG CTT GTT AAA CAACTT AGC TCC AAT TTT GGT GCAATT TCA AGT GTT TTA AAT GAT ATC CTT TC
MN9S6532_Bat_CoV_RaTG13 ACG CTT GTT AAA CAA CTT AGC TCC AAT TTT BBA BET ATT TCT BGC GTE TTA AAT GAT ATC CTT TC
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45ACG CTT GTT AAA CAA CTT BBT TCC AAT TTT GGT GCA ATT TCA AGE BTG TG AAT BAE ATT CTT TC
MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21ACGCTT GTT AAA CAACTT BGT TCC AAT TTT GGT GCAATT TCA BGE BTG TTG AAT GAT BT CTT TC AC AAA BTC GAG GCT GAG
NC_ee4718_SARS_CoV BEA CTT GTT AAA CAA CTT AGC [T AAT TTT GGT GCAATT TCA AGT BTG CIA AAT GAT ATC CTT AAA BTG GAG ECG GAG
KT444582_SARS_like_CoV_WIV16 BEA CTT GTT AAA CAACTT AGC TCC AAT TTT GGT BEG ATT TCA AGT GTG GTA AAT GAT ATC CTT AAA BTE GAG GEA GAG
KY417146_Bat_SARS_like_CoV_Rs4231HEE CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT BET ATT TCA AGT BTG TTA AAT GAT ATCCTT AAA BTE GAG GEG GAG
MK211376_CoV_BtRs_BetaCoV_YN2018B BEH CTT BTG AAA CAA CTT AGC TCC AAT TTT GGT GCA ATT TCA AGT BTG ETA AAT GAT ATC BTE AC AAA BTC GAG GCT GAG
KY417151_Bat_SARS_like_CoV_Rs7327 BGH CTT GTT AAA CAA CTT AGC TET AAT TTT GGT GCAATT TCA AGT BTG ETA AAT GAT ATCCTT AAA GTT GAG ECG GAG
KY417152_Bat_SARS_like_CoV_Rs9461 BEH CTT GTT AAA CAACTT AGC TET| AAT TTT GGT GCA ATT TCA AGT BTG BTA AAT GAT ATC CTT
KY417144_Bat_SARS_like_CoV_Rs4984 MEH CTT GTT AAA CAACTT AGC TCC AAT TTT GGT BEG ATT TCA AGT BTG TTA AAT GAT ATC CTT
KF367457_Bat_SARS_like_CoV_WIVL/AGH CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT BEG ATT TCA AGT BTG CTA AAT GAT ATC CTT
KU973692_UNVERIFIED_SARS_related_CoV_F46 BGH CTT GTT AAA CAA BTG AGC TCC AAT TTT GGT BET ATT TCAAGT GTT TTA AAT GAE BTT TTA TC
KY417145_Bat_SARS_like_CoV_Rf4092 BEE cTT GTT AAA BBG CTT AGC TCC AAT [TC GGT GCA ATT TCA AGT BTG ETA AAT BAG BTT CTT TC
KJ1473816_BtRs_BetaCoV_YN2013 BEA CTT GTT AAABBG CTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG CTA AAT GAE BT cTT TC
KY770858_Bat_CoV_Anlong_103 GA CTT GTT AAA BAG CTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG CTA AAT GAG BT CTT TC
KY417143_Bat_SARS_like_CoV_Rs4©81 ACG CTT GTT AAABAG CTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG CTA AAT BAE AFT CTT TC
KY417149_Bat_SARS_like_ CoV_Rs4255ACG CTT GTT AAABAG CTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG ETA AAT BAE AFT cTT TC
MK211378_CoV_BtRs_BetaCoV_YN2018D BEA CTT GTT AAA[BRG CTT AGC TCC AAT TTT GGT GCA ATT TCA AGT GTG ETA AAT GAE AFT cTT TC
F1588686_Bat_SARS_CoV_Rs672_2006 HEA CTT GTT AAA BAG CTT AGC TCC AAT TTT GGT GCAATT TCAAGT B1G CTA AAT GAG ATT CTT TC
MK211377_CoV_BtRs_BetaCoV_YN2818C ACG CTT GTT AAA BAG CTT AGC TCC AAT TTT GGT GCA ATT TCA AGT BTG ETA AAT BAG ATT CTT TC
KY417142_Bat_SARS_like_ CoV_As6526 MEH CTT GTT AAA CAACTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG GTA AAT BAE ATC CTT TC
KY417147_Bat_SARS_like_CoV_Rs4237 BEE CTT GTT AAA BBG CTT AGC FET AAT TTT GGT GCAATT TCAAGT BTG ETA AAT BAE BT CTT TC
KY417148_Bat_SARS_like_CoV_Rs4247 HEA CTT GTT AAA BBG CTT AGC FET AAT TTT GGT GCAATT TCAAGT BTG GTA AAT GAG ATT CTT TC
MK211375_CoV_BtRs_BetaCoV_YN2618A MGA CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT GCA ATT TCA AGT BTG ETA AAT GAT ATC CTT TC
DQ871615_Bat_SARS_CoV_Rp3 MEH CTT GTT AAA CAACTT AGC TCC AAT TTT GGT GCAATT TCA AGT BTG ETA AAT BAE ATC BTG TC
KP886808_Bat_SARS_like_CoV_YNLF_31C EA CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT BET ATT TCA AGT GTT TTA AAT BAE ATC ETE TC
KJ473815_BtRs_BetaCoV_GX2013 BGA CTT GTA AAA CAACTT AGC TCC AAT TTT GGT GG BTE TCA AGT GTA TTA AAT GAG ATT ETA
KF569996_Rhinolophus_affinis_CoV_LYRall BCA CTT GTT AAA CAA ETA AGC TCC BAB TTT GGT GEG ATT TCA AGT GTT TTA AAT GAC BTT BTG TC
JX993988_Bat_CoV_Cp_Yunnan2011 BEA CTT GTT AAA CAA ETA BET FCT BAE TTT GGT GCA ATT TCA AGT GTT TTA AAT GAE ATT E76 AC AAA GTT GAG GCT GAA
MK211374_CoV_BtR1_BetaCoV_sC2018 BEH CTT BTG AAA CAA CTT BGT TCC BAE TTT GGT BET ATT TCA AGT GTT TTA AAT GAT BT CTT TC AAA GTC GAA GCA GAG
KJ473814_BtRs_BetaCoV_HuB2013 MEA CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT BGT ATT GG AGT GTT ETA BAC GAC ATT CTT TC AC AAA BTC GAG BEA GAA
DQ412043_Bat_SARS_CoV_Rm1 BEA CTT GTT AAA CAA CTT AGC TCC AAT TTT GGT GCA ATT TCA AGT BTG CTA AAT GAG ATC CTTTC AC AAA BTE GAG GCA GAG
KY938558_Bat_CoV_strain_1680133 BEGA CTT BTG AAA CAA CTT AGC TCC AAT TTT GGT GET ATT TCA AGT o) TG AAT GAT ATC BTG TC AC AAA GTT GAG GCA GAG
DQ412042_Bat_SARS_CoV_RF1[BCA CTT BTG AAA CAACTT AGC TCC AAT TTT GGT BET ATT TCA AGT o) TG AAT GAG ATC ETE TC AC AAA GTT GAG GCA GAG
DQ648856_Bat_CoV_BtCov_273_2005 HEA CTT GTE AAA CAA CTT AGC TCC AAT TTT GGT GET ATT TCA AGT (9 FTG AAT BAE ATC ETC TC AC AAA GTT GAG GCA GAG
KJ473812_BtRf_BetaCoV_HeB2013 BEA CTT GTE AAA CAA CTT AGC TCC AAT TTT GGT GET ATT TCA AGT [8y] TTG AAT GAT ATC ETE TC AC AAA GTT GAG GCA GAG
KY770868_Bat_CoV_Jiyuan_84 BEH CTT GTE AAA CAA CTT AGC TCC AAT TTT GGT BET ATT TCA AGT [Sley) [FTG AAT GAT ATC BFE TC AC AAA GTT GAG GCA GAG
JX993987_Bat_CoV_Rp_Shaanxi2e11 ACA CTT BTE AAA BBG CTT AGC TCC AAT TTT GGT GET ATT TCA AGT GTT [F1G AAT GAG BT CTT TC AAA GTT GAG GCA GAA
GQ153542_Bat_SARS_CoV_HKU3_7 ACG CTT GTT AAA BBG CTT AGC TET AAT TTT BGA GET ATT [FCG AGT BTG TTAAAT GAT BRT CTT AAA GTT GAG ECG GAG
DQ@22385_Bat_SARS_CoV_HKU3_1ACG CTT GTT AAA CAA ETC AGC TET AAT TTT BGA GET BTC TCA AGT BTG TTA AAT GAT BTT ETC AAA GTT GAG BCA GAA
GQ153547_Bat_SARS_CoV_HKU3_12 ACG CTT GTT AAA CAA CTT AGC TET AAT TTT GGA GET BTE TCA AGT BTG TTA AAT GAG ATT ETE AAA GTT GAG GEA GAA
KY352407_SARS_related_CoV_strain_BtKy72 BET CTT GTA BAG CAA CTT AGC TCC AAT TTT BGE BET ATT TCA AGT BTG TTA AAT GAE AT cTT AAA GTT GAG GCT GAA
NC_e1447@_Bat_CoV_BM48_31_BGR_20es BCA ETA GTT AAA BAG CTT AGC TCC AAT TTT GGT GET ATT TCT AGT GTA BTG AAT GAT BTT ETG AC AAA BTA GAG BEE GAA

D K VvV E A E
AC AAA GTT GAG GCT GAA
AC AAA GTT GAG GCT GAA

AC AAA BTE GAG GCT GAG




Bat coronavirus RaTG13, complete genome
Sequence ID: MN996532.2 Length: 29835 Number of Matches: 1

* A blast of Amplicon #1 against RaTG13 o s 65 1761 ot e

Score Expect Identities Gaps Strand

S h OWi n g t h e B S a I r‘e St r‘i Ct i O n S ite i n t h e 1897 bits(1027) 0.0 1075/1096(98%) 12/1096(1%) Plus/Plus

Query 14 GTT-CGGCGCTGATCT -AAGTCGTTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATG 71

. ° e Sbjct 669 B i i Ble ettt ettt 728
amphcon that is chan ged iINn RaTG13 ooy 72 ANOATTTCARCAMACTCORACACTAARCATAGC RS T e TS TCRC TR TenCaTeC 151
Sbjct L= Y 78E

Query 132  GTGAGCTTAATGGAGGAGCATACACTCGCTATGTCGATAACAACTTCTGTGGCCCTGATG 191

» The amplicon has a 2% overall difference | o & oo &

from RaTG13 but within the restriction site Gy 3 TOTCCOMOMTIRTTATIOM A TIASASSTOTATCTACTSTCOTOMGATS 2

Query 312  AGCATGAGATTGCTTGGTACACGGAACGTTCTGAAAAGAGCTATGAATTGCAGACACCTT 371
]y fon - 1028

O n e Of S iX O r 1 7% a re C h a n ge d Query 372 TTGAAATTAAATTGGCAAAGAAATTTGACACATTTAATGGGGAATGTCCAAATTTTGTAT 431

Sbjct 1029 ..iiiiiiiiiceiuiicraitet et siesataenatsincnsaarasasaasarenss 1088

Query 432  TCCCCCTAAATTCCACAATCAAGACTATTCAACCAAGGGTTGAAAAGAAAAAGCTTGATG 491
]« e G - P P e

Query 492  GCTTTATGGGTAGAATTCGATCTGTCTATCCAGTTGCTTCACCAAATGAATGCAACCAAA 551
-] oS 0 1208

Query 552  TGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCAGACAGGCG 611
Sbjct 1209 ..viiiinieisrasaiarareerasatenetataanarsastnssarerassarasenss 1268

Query 612  ATTTTGTTAAAGCCACTTGTGAATTTTGTGGCACTGAAAATTTGACTAAAGAGGGTGCCA 671
SHICE 1289  sununrannnannnsaannunarans s nnsannenarranarstarattonanaronna 1328

Query 672 CTACTTGTGGTTACCTACCCCAAAATGCTGTTGTCAAAATTTATTGTCCAGCATGTCATA 731
£ o e - 1 P 1

Query 732  ATCCAGAAGTAGGACCTGAGCATAGTCTTGCTGAGTATCATAATGAATCTGGCTTGAAAC 791
Shjct 1389 ... ...ttt ittt Revresvanrserarnrnsearenes 1448

Query 792  CCATTCTTCGTAAGGGTGGTCGCACTATTACTTTTGGAGGCTGTGTGGTCTCCTATGTTG 851
Shjct 1449 ... e G.oiviriaieinnnnaas Toeieinainaan 1588

Query 852 GTTGCTACAATAAGTGTGCCTATTGGATTCCACGTGCTAGCGCCAACATAGGTTGCAATC 911
2 L - 1568

Query 912  ATACAGGTGTTGTTGGAG-AGGTTCTGAAGGTCTTAATGAT-ACCTTCTGGAAATACTTC 969
Sbjct 1569 .....i.iiiiaiiaiaan Ao...... Tocienianns 1628

Query 970 - AAAAGAGAAAGTCAACATCAATAATGTTGGTGACTTTGAACT TGATGGAAGAAGATCG- 1027
Sbjct 1629 A.....iiiiieiiiiaiaianas L I A..... A== C 1686

Query 1028 CATTATTTTGGCATCTTTTTTCTGCTTCTACAA-TGCTTTTGTGGAAACTGGGAAAGGTT 1086
Sbjet 1687 .........iii.... e rsrsrasersananan Govevnvnsnrannnsan LT 1745

Query 1887 TG-ATAATAAAA-ATT 1lee@
Sbjct 1746 ..G..T...... C... 17sel




The site of the Bsal restriction
site that was present in
Amplicon #1 and removed in
amplicon #2 is shown (purple
box)

No sarbecovirus has a
restriction site at this position,
suggesting this was a
laboratory-designed
restriction site

The finding of a restriction site
in an amplicon that is not
found in nature and its
removal in an overlapping
amplicon is consistent with
reverse genetics workflow

A blast of Amplicon #1
identifies only RaTG13 and
SARS-CoV-2, both with the
GTTCTC non-restriction site
sequence

NC_845512_SARS_CoV_2 Wuhan_ Hu_ 1 aa S 6 L K T I L R K 6 G R T I A F G G C Y V 6 C H N K C
NC_@45512_SARS_CoV_2_Wuhan_Hu_1 TCT GGC TTG AAA ACC ATT CTT CGT AAG GGT GGT CGC ACT ATT GCC TTT GGA GGC TGT G
MN996532_Bat_CoV_RaTG13 TCT GGC TTG AAA @8 ATT CTT CGT AAG GGT GGT CGC ACT ATT GET TTT GGA GGC TGT G
MG772933_Bat_SARS_like_CoV_bat_SL_CoVZC45 TCT BGT TTG AAA ACC Eli CTT CGT AAG GGT GGT EGT BEE ATT GCT 1] BGE GGC TGT G
MG772934_Bat_SARS_like_CoV_bat_SL_CoVZXC21 TCT GGT TTG AAA ACC Gl CTT CGT AAG GGT GGT EGT BEE ATT GET ] BGG GGC TGT G
NC_ee4718_SARS_CoV TCA VY45 V) ACT €< ETE EGE AAG GGA GG T BGG ACT LIl TTT GGA GGC TGT G
KT444582_SARS_like_CoV_WIV1e TCA [¥XsNgi Y] AET @ E7C EGE AAG GG 6o T BGE AcT I el TTT GGA GGC TGT G
KY417146_Bat_SARS_like_CoV_Rs4231 [fCA [YXd Mg Y BET €6E AAG BEA GGT BGE ACT [T LEI TTT GGA GGC TGT G
MK211376_CoV_BtRs_BetaCoV_YN26185 TEA YXa g V2 ACT @< ETC EGE AAG GEA GGT BGG ACT [TA el TTT GGA GGC TGT G
KY417151_Bat_SARS_like_CoV_Rs7327 TCA VX4 Ngj &Y BET &0 ETC €6C AAG GGA GGT AGE ACT [N ) TTT GGA GGC TGE G
KY417152_Bat_SARS_like_CoV_Rs94e1 TCA VYd MNyj &Y BET B6E AAG GGA GG T BBE ACT AL TTT GGA GGC TGT G
KY417144_Bat_SARS_like_CoV_Rs4e34 TCA [YXd Ny| &Y BET ¥ E7C €GC AAG GGA GGT BGE AcT [ [ TTT GGA GGC TGT G
KF367457_Bat_SARS_like_Cov_WIv1 TCA XY NEi Y BCT AA GGA 6T BEE AcT XA TTT GGA GGC TGT G
KU973692_UNVERIFIED_SARS_related_CoV_F46 [TCA [YXd Mgl Y2 BET ¥ €€ 66C AAG GGA 66T BGG AT [YX el TTC 66T 666 16T 6
KY417145_Bat_SARS_like_CoVv_Rf4e92 [fCA [YXd Nyl V) BET ¥ €7¢ 66C AAc GEA GG T BGE AT [Xf [EQ) TTT GGA GGC TGT G
KJ1473816_BtRs_BetaCoV_YN2013 TCA VYd Nyj &Y BET &N X GGA GGT BGG ACT A el TTT GGA GGC TGT G
KY770858_Bat_CoV_Anlong_163 TCA V) MNui &Y ACT &0 ETC 66T AAG GGA GGT AGE ACT [N e TTT GGA GGC TGT G
KY417143_Bat_SARS_like_CoV_Rs4031 TCA VYd Nyj &Y BET B6E AAG GGA GG T BBE ACT AL TTT GGA GGC TGT G
KY417149_Bat_SARS_like_CoV_Rs4255 fCA [YXd Ng| &Y BET ¥ E7C €GC AAG GGA GGT BGE AcT [ [ TTT GGA GGC TGT G
MK211378_CoV_BtRs_BetaCoV_yN2818D TCA [¥Xs [igi ¥ AT L) 7€ EGE AAG BGA 6o T BGE AcT I el TTT GGA GGC TGT G
F1588686_Bat_SARS_CoV_Rs672_2006 TCA ¥Xa [y§i ¥ AT €6C AAG BEA GG BGE ACT XA LG TTT GGA GGC TGT G
MK211377_CoV_BtRs_BetaCoV_YN2618C TEA YXa g V2 ACT W< €TC E6E AAG GEA GGT BGG ACT A e TTT GGA GGC TGT G
KY417142_Bat_SARS_like_CoV_As6526 TCA [VYd MNgj &Y BET E6E AAG GEA GG T BBE ACT XA e TTT GGA GGC [TGE 6 [l TAT GTE GGE TGC ] AAC AAG
KY417147_Bat_SARS_like_CoV_Rs4237 TCA VX4 Nyj ¥ BET &0 ETC €6C AAG GGA GGT AGE ACT [N e TTT GGA GGC TGT G (@8 TAT GTC GGE TGC I8 AAC AAG
KY417148_Bat_SARS_like_CoV_Rs4247 TCA [YXd Na| &Y BET & E7€ €GC AAG GGA GG T BGE AcT [ [l TTT GGA GGC TGT G (48 TAT GTC GGE TGC I8 AAC AAG
MK211375_CoV_BtRs_BetaCoV_YN2618A TCA VY& Ny V) AET BGE AAG GGA GG T BGG ACT XA IEL TTT GGA BB TGT G (@8 TAT GTT BGE TGC I8 AAC AAG
DQe71615_Bat_SARS_CoV_Rp3 TCA VX4 [NRi Y0 AET & €7 €6C AAG GGA 66T BEG ACT [XT [ERl TTT GGA GGC TGT G [4fd TAT GTA BGE TGC Y] AAC AAG
KP886808_Bat_SARS_like_CoV_YNLF_31C TCG ¥Xa g &Y ACT €6C AAG BEA GGT GG ACT [TYA LN TTT GGA BT TGT 6 TAT GTT GGT TGC [f] AAC AAG
KJ473815_BtRs_BetaCoV_Gx2013 TCA VY4 Ngj &Y BET & ET€ €6C AAG GGA 66T AGE AcT [YXE ) TTE GGA GGC TGT G TAT GTT B6E TGC ] AAC AAG
KF569996_Rhinolophus_affinis_CoV_LYRa11 TCA [YXe g Y] AET &0 ETE EGE AAG GEA GG T AGE AcT YYD eyl TTC B&T GGE TGT 6 [l TAT GTT BGE TGC Y] AAC AR Ty
JX993988_Bat_CoV_Cp_Yunnan2011 TCA VX4 [Ngj ¥ BET &0 ETC E6C AAG GEA 6T AGG i Y eyl TTC GGT GGG TGT 6 [l TAT GTT BGC TGC Y] AAC AAG [
MK211374_CoV_BtR1_BetaCoV_sc2018 [fiCA YY) [Naj 7Y BET &I ETC E6E ~Ac GGA 6o T BGE AT YN Iel TTT GGA G&T FGE 6 TAT BTG GGE TGC [F] AAC AAG
KJ473814_BtRs_BetaCoV_HuB2013 TCA [YXe My Y] ACT ¥ ETE EGE AAc GEA 66T BGE AT VYA [Ife)) TTT BGE GGC TGT G (@8 TAT GTT BGE TGC ] AAC AAG
DQ412843_Bat_SARS_Cov_Rm1 TCA VX4 MR oY) BET &I €7 €6C ~AG GGA 66T BEG AcT [YM ifeqy 77T 666 66T 16T 6 [ TAC 7T BGE TGC 8 AAC AAG [Ta)
KY938558_Bat_CoV_strain_1680133 A YY) i Y BET & €7¢ €6C ~AAG G6A GG T BGE AcT [N [ER) TTT GGA GGC TGT G TAT GTT BGE TGC ] AAC AAG
DQ412042_Bat_SARS_CoV_Rf1 TCA VY Ngj &Y BET E6E AAG GEA GG T BGBG ACT [YMA e TTT GGA GGC TGT G TAT GTT BGE TGC ] AAC AAG
DQ648856_Bat_CoV_BtCoV_273_2005 TCA VX My Y] AET &1 ETE E6C AAG GEA 66T AGE ACT MM ] TTT GGA GGC TGT G TAT GTT BGE TGC ] AAC AAG
KJ473812_BtRf_BetaCoV_HeB2013 TCA [YXd Ngj Y ACT B6E AAG GGA GG T BGE ACT YN IR TTT GGA GGC TGT G TAT GTT BGE TGC [I] AAC AAG
KY770868_Bat_CoV_Jiyuan_g4 TCH Ya i V) BET &L 67¢ €6E AAG GGA 6GT AGE AT MY [eli FTE GGA GGC TGT G TAT GTT BGE TGC [I]] AAC AAG
JX993987_Bat_CoV_Rp_Shaanxi2e11 FEA VX4 N5 TV ACT €< ETE EGE AAG GGA 6T AGG ACT [TV TTT GGA GGC TGT G TAT GTT GGE TGC [ AAC AAG 8
GQ153542_Bat_SARS_CoV_HKU3_7 TCA ¥ Mg Y BET €6C AAG BEA GGT GG ACT [YXE L] TTT GGA GGC TGT G TAT BTG BGE TGC ] AAC AAG
DQe22385_Bat_SARS_CoV_HKU3_1 [CA [¥Xd Mg Y. BET ¥ €7¢ €6C AAG GEA cGT BGE AcT [YYE ieq) 777 86€ Goe 6T TAT GTT BGE TGC ] AAC AAG
GQ153547_Bat_SARS_CoV_HKU3_12 TEA Ve g V2 ACT E6E AAG BGA GGT BGE ACT NS e TTT BGE GGC TGT TAT GTT BGE TGC ] AAC AAG
KY352487_SARS_related_CoV_strain_BtKY72 TCA cGC [N i i &Y3 ETC E6C AAG GBA GG T AGA SiME LifE e TTT G6T G&T TGT GJG TTT TAT TAT GTT GGT TGC g AAC AAG TGT
NC_014470_Bat_CoV_BM48_31_BGR_2008 TCA Y3 [N §) TV BCT W) €TC €GE AAG GGA 66T AGGE M) YA i TTT 66T GGC TGT BT TTC TAT TAT GTT BEC TGC T8 AAC AAG

Tntrnnec




Caveats

* Not seeing this pattern does not mean it is natural

’

e All you have to do is add back restriction sites after ‘No See ‘Em
technology and...poff



{10,387} Bsal

Start (0) BsmBI (2163) (9694) BsmBI Bsal (11,603) End (29,838)
50001 10,0007 15,0007 20,0007 25,0007
BANAL-20-52 Laos 2020
: 29,838 bp
Coronavirus Enzymes
(10,373) Bsal
Start (D) BsmBl (2146) (9680) BsmBl Bsal (11,589) |Hsal (22,227) End (29,632)
sooot 10,0007 15,0007 20,0007 2_5,000|
BANAL-20-103 Laos 2020
- 29,632 bp
Coronavirus Enzymes
(10,523) Bsal Bsal (11,382)
|S!art (0) BsmBI (2296) (9830) BsmBI Bsal (11,739) Bsal (22,377) |.End' (30,024
10,0007 20,0007 30,0007
BANAL-20-236 Laos 2020
Coronavirus Enzymes 30,024 bp
Start (0) BsmBI (2187) BsmBI (9745) (17,323) BsmBl Bsal (17,966) Bsal (24,096) End (29,903)
S0007 10,0001 15,0001 20,0001 35,0007

Coronavirus Enzymes

NC_045512.2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete genome

29,903 bp
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