SEERE A CFORN

SARS-COV-2 GENOME
ANALYSIS

[b)(3)‘10USC424; },une 25’ 2020

SECREH/NOFORN-




—_—
SARS-CoV-2 Genome

M {27b
il
ORF1a ORE1b = 33/ » | N
E 6 8
| | | | | |
5,000 10,000 15,000 20,000 25.000 30,000

Genome nucleotide position

he next two pages are DIF citing (b)(1) and (b)(3)
nd are not provided.




Methods to construct a
Coronavirus Full-Length Clone
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CORONAVIRUS INFECTIOUS CLONE
CONSTRUCTION

1) Synthesize or PCR amplify 6-10 segments of a Bat CoronavirusBuild
a 5’ transcription initiation fragment“stitch” the fragments together
using an infectious clone technology 3’ to the transcription
initiation fragmentRestriction-enzyme-based fragment cloning
systemOverlapping Fragment systemGuided RNA
RecombinationClone in a suitable host (E. coli, yeast, etc.)Sequence
verify cloned insert
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CAPABILITIES NEEDED TO CONSTRUCT A BAT-

LIKE CORONAVIRUS INFECTIOUS CLONE

Bank of Bat

Coronaviruses

Fragment Synthesis g

Capability B N Generate bank of Bat-CoV-X

variants to test various
featuresS1/S2 Furin Cleavage Site

e Ability to generate Bat-Co\- sequencesS2’ cleavage site

Trained Scientists T X Progenitor Virus sequencesReceptor Binding
DomainReceptor Binding

In vitro testing 2 A Motiflmmune
Capability , evasionGlycosylation sequences

Animal Testing
Capability

Reverse Genetics

System
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Type IIS Restriction Enzymes and
Golden Gate Assembly System
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Type IS Restriction Enzymes

* Non palindromic recognition siteCuts at sites outside of recognition
siteEach digested location has unigue nucleotide
overhangsExampleBsal

5 — GGTCTCNNNNN - 3’
3= CCAGAGNNNNN - 5
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Eleven Tips For Optim
Golden Gate Assembly Reactions
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WIV Bat Coronavirus Collection Efforts

Table 1. Summary of SARSr-CoV detection inbats from a single habitat in Kunming, Yunnan.

® W IV po SS esses d Ia r ge ba N k Of Sampling timeo Sample typo Samplo Numbers | SARSr-CoV+ bat spocics (No.)

Total CoV+ SARSr-CoV + |

Bat Coronaviruses isolated from 0:": T —— : o
various bat species in Yunnan e P Ml M ‘°
Province ChinaGe et al., f"l%’ T T —— e
2013Yang et al., 2016Hu et al,, B T N - TS——
- 2017Five-year longitudinal study —=="t+—==—1o1— e —— 1

to isolate Bat Coronaviruses
(April 2011 — October 2015)Only
a few sequences have been
published

'The next page is DIF citing (b)(1) and (b)(3) and is not
provided.

4 @ el
“S‘EG‘R‘E-'%QLNGFGR'}V_ Extracted fromHu et al., 2017
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Isolation Locations for RaTG13 and MP789

e RaTG13/4991 isolated from a cave in Yunnan
ProvinceRaTG13/4991 is a RdRp lineage 1
BetaCoVMP789 was isolated from diseased
Pangolins in Guangdong ProvinceMP789 is a RdRp
lineage 2 BetaCoV~800 miles separate these two
locationsWIV also collected CoV’s from Guandong
and may have a MP789-related virus in their
bank“All the genomic constituents of SARS-CoV
including the hypervariable regions S and ORF8

(&} Yunnan
2 Guizhou
& Guangxi

were discovered from different bat SARSr-CoVs in e b
the same cave in Yunnan, with evidence of s Shianx

» . G 5 0
recombination events detected between these bat @ Jilin

SARSr-CoVs...” (Yu et al., 2019)Question: How Hu et al., 2017
would a Pangolin RBD from 800 miles away in 2 Wuhan

Guangdong Province recombine into a BatCoV in XX Bat-CoV RaTG13/4991 isolation
Yunnan Province? # Pangolin-CoV MP789 isolation




Postulated WIV Bat-CoV-X Full-
ength Clone Construction
Process
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Quote from Zeng et al., 2016

* From Materials and Methods, Virus and cells section
“All experiments using live virus was conducted under biosafety level 2 (BSL2)
conditions.” .
From the first paragraph of the Discussion
“In this study, we have developed a fast and cost-effective method for reverse
genetics of coronaviruses by combining two approaches developed by others (29,
30). Our method allows the genomes of coronaviruses to be split into multiple
fragments and inserted into a BAC plasmid with a single step. Recombinant
viruses can then be efficiently rescued by direct transfection of the BAC construct.
As the genomes can be divided into multiple short fragments, mutations can be
introduced into individual fragments easily (31). Using this method, we
successfully rescued three recombinant viruses derived from SL-CoV WIV1
(rWIV1, rWiV1-DX, and rWIV1-GFP-DX).”

IThe next page is DIF citing (b)(1) and (b)(3) and is not
provided.
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WIV SARS-CoV Reverse Genetics System
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FIG 1 Strategy for construction of an infectious WIVI BAC clone. (A) Genomicstructure of WIV L. (B) The mutations are indicated under the stars. C1575A was
used to ablate a natural Bgll site at nucleotide 1571 (V), and T27527C was used to disrupt a potential T7 stop site. The others were for introducing Bgll sites (V).
(C) The WIVI genome was split into eight contiguous cDNAs (A to G): A, nt 1 to 4387; B, nt 4388 to 8032; C1, nt 8033 to 105615 C2, nt 10562 to 12079 D, nt
12080 to 17017; E, nt 17018 to 22468; F, nt 22469 to 27352; G, nt 27353 to 30309. Unique Bgll sites were introduced into the fragments by synonymous mutations
to make these fragments capable of unidirectional ligation along with native Bgll sites in the genome. The original nucleotides are shown above the flanking
sequences of corresponding fragments. A poly(A) sequence was added to the 3’ terminus of fragment G. A CMV promoter, HDV ribozyme, and BGH
transcriptional terminal signal were inserted into pBeloBACI1 between BamHI1 and HindIll sites. Sacll and Ascl sites were introduced between the CMV
Zeng et al. , 2016 promoter and ribozyme. Fragments A to G were inserted into the pBAC-CMV plasmid in a single step.
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SARS-COV-2 GENOME RESTRICTION MAP

*SmalUMHSI

¥Rsp53111 CErMHLITT HpuAxYI-m

p 2699 aa x 12X%a
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2L
NbaBD21 Ccold9s83YI
o4
*¥UbaP1 Asp337l
Ta19%
Fbaz02Z811 - *UbaFidl
1 1282 aa I
11 A i " 1 . " 2 n 1 " . ! 2 " | N 1 i 29903
me | | I 1) | | I Bl
¥Nrul Ajul Pmel “Pacl ¥P1iMI ¥SstE371  "Swal #Puul
¥Tagll ¥Smal *Bspd60Ill ¥Nael ¥HPae951 1
¥Maf2511 *GauT271 NgoMIy Stul
*Tsphl Sacl
*¥mal EcoS3k1
X#SspJORLII XAqull
Bpll ¥PpiP1311 ¥PaeR71
¥Bbr704711 *Pspx]
Bgll *¥hol
F¥P1IUTI +BsrBl
¥Sfol XSsp71411
*Narl +3gral
*¥BsaHI *Agel
*Kasl *¥E11850911
*RspPBTS2111 *BspEl
BamHI

Ppil




Type |l

* BsmB1I
5 L
R -
A
CLENE
have
sites

-SECREF/NOFORN
S Restriction Enzymes

(Plans sstErand) °BsmB%,(Minus strand)
CGTCTCNNNNN=3’ 5/ — NNNNNGAGACG-3’
GCAGAGNNNNN, - 5’BsaB’ (P1aSNGB T GC-
GCGTCTCNNNNN-3’ 5'Bsal (Minus strand)

CCAGAGNNNNN - 5’ SARSCovIRINIRHBRACEsaE not
any SacII or AscI resStridBWCTCTGE - 57

{(b)(1); (b)(3):50 USC 3024(i); Sec. 1.4(c); Sec.1.4(e)
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RE-based Fragment Build Option — BsmBI/Bsal

(4 nt overhangs)

r#Bcll Sspl Asel
"I R TS 12T7aa
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R - 7, Py L e
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RE-based Fragment Build Option — Bsal/Esp3|

(Invisible restriction sites)

~#Bcll
e T
~RAcceaI
A e -

1 | 1 1 1 1 1 1 L 1 L l 1 L 1 Q 1 1 1 L 1 l

Sspl Asel
121%5a
Bael Mfel Tepd51 Hpylgsl

P e 17084

Apol #HinclI
A
Mlyl Earl
p N
BspHI *Acll
aaT
A S 29903

| | » )
¥B=mB1I -4¥BamBI “Bzal

#BsmBI

Xie et al., 2020 "S‘EGR‘E‘HfN‘@'F@R‘N‘
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Xie et al., 2020 SARS-CoV-2 FLC Assembly
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Figure 1. Assembly of & Full-Length SARS-CoV-2 Infection cDNA Clone

A Genarme stuctum SARS-CoV-2. The apen readng fmmes (ORFs) Fam the Ul genome are indicated.

{0 Strameqy for in vito sssembly of an niectous cONA done of SARS- CoV-2. The nudeofide secuences snd genome locatons of the cobesive overhangs are
ndcatec The WT til-dength (FL) cONA of SARS-CaV-2 iC WT) was dimctionaly assembled using in Wim Bgaton.

{0 Dragram of the merninal saquences of each cONA fagrment recognimd by Beal and Esg0L

(Dh Ga anayses of e seven putfed cONA Fagments, Indivicual fmagrments (F1-F7) were digesied fom sponding dc and gol pustfied. Seven
putfind cDNA Fagrments (50-100 ng) were analyzed on a 0.6% native agarose gol. The 1-kb DNA lxidens am indicated.

({E) Go anaysis of cONA gation products. Atiout 800 ng of pudfiad liga San product was andyzed on a (L 6% ratve agrose gel. Triangle indicates the FL o DNA
groduct Croes indcate the imesnedate cDNA products.

(F) Gl aradysis of AINA tansorpte. Aot 1 ug of invidro-rransarbed (IVT) ANAS were analysd ona 0.6% natve agarcss gol. DNAladdors am indicatd. Bocause
i s 2 rative agaross g, the DNA sias & nat directy cordated B $ie ANA size. Taangie indicates the gename-long ) ANA tanscript. Groles show the shorer

ANA tmrecrips.

c Fragment Terminal Sequence

Bsal 7 Fl oy,
GGTCTCA GG THAGALE
OCAGAGT M’T _%E‘ﬁﬂx4 n Ir I
Byal Byl
GUTCTOA [ CGEC _u A !(..u.w
COAGAGT GOCG| TITGMACTOTG
} iyl
Hsal T K3 TLIT]
GETCTCS| .535[“ COTT TOAGACT
CUMGAGT TITG GLAN ALTUTGL
y Bl
Bl | s F4 ; 17843
GGTOTCA COTT |G AT TR AGALE
COAGAGT Gd i}_i TUA|ACTOT:
Baad
Espif s ps © e
CETOTCA GAGT GG TG AT
GOAGAGT CTC A—u T \{gL ]Ii'Jl
5
Epil 1y Fi W

COTOTOA | GOGA L ACT TGAGACT
GUALAGT CLET 'l_lﬁ.lli.l ST

Espil

Espil yony  F7 10

COTCTCA[EAT AR TLAGAC
GEAGAGT 1.?3;\—1‘—*‘ FUET AL TG

Fapat

[0)(3):50 USC 3024(); Sec. 1.4(c); Sec. 1.4(e)
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SARS CoV-2 SPIKE GENE

EcoRl Scal

Xmnl Bsbl |  Xcml | Nspl BspMI BsrDI Bsal
B
&
1 914 1312 1533 2030[2050 3822
RBD1363- -

1525

Highest homology toRaTG13Pangolin CoV
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Spike Gene Swapping Using the WIV SARS-

CoV Reverse Genetics System .
* Huetal, 2017

A . o » e swapped out the
Eé7a WIV1 spike gene for
¥ the spike gene of the
oy following:Rs4231Rs73
v 27Rf4075Rs4081Rs40
V  sguasen) Y Bga(10561) Y v
BH15T1) BONB032) |BoN1207) BONITOTT)  Bguz2ese) BoNZIS) 85Rs4235As6526Rp3

< |

. " e L s .
(C1575A) (AB028C) (A10857C)  (A17012C) (T22483C)  (T21521C)
(T8034G) (T10563G)  (T17021C) (A22472€)

C sa
A
TAA AGGC CCACT
! 1 TICTCCH
H A T 7
1 CCTCG T CTTT Asdd
1 ATTACC a0 TOGACCE 066
T A
T T CCTAG
Sach AGCAC GOG AMACC: GO0 -
T
(= CCAAG
e 060 ATCTCS:

pBAC-CMV-rWIV1 B

FIG 1 Strategy for construction ofan infections WIV1 BAC clone. (A) Genomic structure of WIV L. (B) The mutations are indicated under the stars, C1575A was
used to ablate a natural Bgll site at nucleotide 1571 (V), and T27527C was used to disrupt a potential T7 stop site. The others were for introducing Bgll sites (V).
(C) The WIV1 genome was split into eight contiguous cDNAs (A to G): A, nt | to 4387; B, nt 4388 to 8032; C1, nt 8033 to 10561; C2, nt 10562 to 12079; D, nt
12080 to 17017; E, nt 17018 10 22468; F, nt 22469 1o 27352; G, nt 27353 to 30309. Unique Bgll sites were introduced into the fragments by synonymous mutations
to make these fragments capable of unidirectional ligation along with native Bgll sites in the genome. The original nucleotides are shown above the flanking

Zeng et al, 7 2016Hu Q‘hlakc;s 20&x sponding fragments, A poly(A) sequence was added to the 3' terminus of fragment G. A CMV promoter, HDV ribozyme, and BGlH

transcriptional terminal signal were inserted into pBeloBACI1 between BamH1 and HindIlI sites. Sacll and Ascl sites were introduced between the CMV
promoter and ribozyme. Fragments A to G were inserted into the pBAC-CMV plasmid in a single step.
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SARS-COV-2 SPIKE GENE SEGMENTS

QUERY: PANGOLIN-COV

— SARS-CoV-2_WIV02

- Bat CoV RaTG13
- Bat SARSr-CoV ZC45
—— Bat SARSr-CoV ZXC21 .l ,
0.12 17 Wirstow . 200 tp, Slep 20 by, GepStrgr On, Kimurs (2 parsresen), Tt 204
0 200 600 1000 1400 1,800 2200--2600 3000 3400 3800
Nucleotide Position
b L
5 100 [ Bat SARSr-CoV ZC45 *Pang N
100/ ! Bat SARSr-CoV ZXC21 A SARS-CoV-2_WIV02
®Pangolin-CaV Bat Cov RaTG13
wo[aat CoV RaTG13 L= SARS.CoV GDO1
ASARS-CoV-2_WIV02 Bat SARSI-CoV ZC45
SARS-CoV GDO1 4 l— \Bat SARSI-CoV ZXC21
Region: 1-814 Region: 1312-1533

Xiao et al., 2020 —SECRETNOFORN-

100

=

100

,0_2{ ~ Bat CoV RaTG13

[ ~ A SARS-CoV-2_WIV02
- @ Pangolin-CoV
Bat SARSr-CoV ZC45
Bat SARSr-CoV ZXC21
- SARS-CoV GDO1

Region: 1534-3825




Liu et al., 2020
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SARS-CoV-2 SImPLOT
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G 80%
°
g 60%
8 40%
S 20% "'
Z °

" ,

0 500 1000 1500 2000 2500 3000 3500 4000
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CP
% 100% - /
5] Wty / .
g
00 /———\\/—_’
e 90% /\_\ /\/. \/\/_,
Q
@ 80% ? <~
(o]
£
g 70%
< 0 200 400 600 800 1000 1200
—— SARS-CoV Bat-CoV-ZXC21 Bat-CoV-ZC45 -~ Pangolin-CoV-2020 —— Bat-CoV-RaTG13
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* “Arecent study found that a human
ACE2-binding ridge in SARS-CoV-2
RBD takes a more compact '
conformation compared with the
SARS-CoV RBD; moreover, several
residue changes in SARS-CoV-2 RBD
may also enhance its human ACE2-
binding affinity [13]. The core
residues in RBM which may related
to higher human ACE2-binding
affinity than SARS-CoV are 100%
identical between SARSCoV-2 and
CoV-Pangolin-2020. Therefore,
pangolin-CoV-2020 (CoV-
pangolin/GD) potentially recognizes
human ACE2 better than the SARS-
CoV.”
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Ren et al., 2008

JournAL OF VIROLOGY, Feb. 2008, p. 1899-1907 Vol. 82, No. 4
0022-538X/08/808.00+0  doi:10.1128JVLO1085-07
Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Difference in Receptor Usage between Severe Acute Respiratory
Syndrome (SARS) Coronavirus and SARS-Like
Coronavirus of Bat Origin”

Wuze Ren,'y Xiuxia Qu>¥ Wendong Ll, ¥ Zhenggang H.m Meng Yu.? Peng Zhou,' Shu-Yi Zhang.*
Lin-Fa Wang,** Hongkui Deng.” and Zl\ulﬂll Shi'*

State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Academy of Sciences, Wuhan, China'; Key Laboratory of
Cell Proliferation and Differentiation of the Ministry of Education, College of Life Sciences, Peking University, Beijing, China®;
CSIRO Livestock Industries, Australian Animal Health Laboratory and Australian Biosecurity Cooperative Research Center /br
Emenging Infectious Diseases, Geelong, Australia™; and School of Life Science, East China Normal Universisy, Shanghai, China’

Received 20 May 2007/Accepted 15 November 2007

Severe acute respiratory syndrome (SARS) is caused by the SARS-associated coronavirus (SARS-CoV),
which uses angiotensin-converting enzyme 2 (ACE2) as its receptor for cell entry. A group of SARS-like CoVs
(SL-CoVs) has been identified in horseshoe bats. SL-CoVs and SARS-CoVs share identical genome organiza-
tions and high sequence identities, with the main exception of the N terminus of the spike protein (8), known
to be responsible for receptor binding in CoVs. In this study, we investigated the receptor usage of the SL-CoV
S by combining a human immunodeficiency virus-based pseudovirus system with cell lines expressing the
ACE2 molecules of human, civet, or horseshoe bat. In addition to full-length S of SL-CoV and SARS-CoV, a
series of S chimeras was constructed by inserting different sequences of the SARS-CoV S into the SL-CoV §
backbone, Several important observations were made from this study. First, the SL-CoV § was unable to use
any of the three ACE2 molecules as its receptor. Second, the SARS-CoV S failed to enter cells expressing the
bat ACE2. Third, the chimeric S covering the previously defined receptor-binding domain gained its ability to
enter cells via human ACE2, albeit with different efficiencies for different constructs. Fourth, a minimal insert
region (amino acids 310 to 518) was found to be sufficient to convert the SL-CoV S from non-ACE2 binding to
human ACE2 binding, indicating that the SL-CoV § is largely compatible with SARS-CoV S protein both in
structure and in function. The significance of these findings in relation to virus origin, virus recombination,
and host switching is discussed.

—SECREHANOTFORN-
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Minimal Receptor Binding Domain Cassette

e WIV scientists previously [ 230lea Y Fiealia d ARG
defined the minimal Receptor
Binding Domain cassette that 10 -
could functionally transfer
ACE2 binding capability from 0.8-
one Spike protein to .
anotherSARS Nucleotide: §oe-
930-1554SARS Amino Acid:
310-518Receptor Binding 04
MotifSARS Nucleotide: 1251-
1482SARS Amino Acid: 417- 9

spike gene

Window - 200 bp. Ssep: 20 bp, GapStrg. On, Kenus (2-pararoter ). TA 2 0

494H0m0|0gy cut pOintS of 0‘120 200 600 1000 1400 1,800 2200 2600 3000 3400 3,800
SARS-CoV-2 coincide with Nucleotide Position

WIV-identified borders of RBD

and RBM

wee SARS-CoV-2_WIV02

=== Bat CoV RaTG13

-~ Bat SARSr-CoV ZC45
Bat SARSr-CoV ZXC21

Xiao et al., 2020 & Ren et al., 2008 —SECREHNOFORMN-
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Furin Cleavage Site

SARS-CoV CATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTTGTGCTAGTTAC

1980 HVDTSYECDIPIGAGICAS YSARS-CoV-2
CATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTAT 2022
HVNNSYECDIPIGAGICAS YBCoVRaTG13
CATGTCAATAACTCGTATGAGTGTGACATACCTATTGGTGCAGGAATATGCGCCAGTTAT 2022
HVNNSYECDIPIGAGILCASYY SARS-CoV  CATACAGTTTCTTTAT T------------
ACGTAGTACTAGCCAAAAATCTATTGTGGCT 2028 HTVSLL RSTSQKSI
V ASARS-CoV-2 CAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCC

2082 QTQTNSPRRARSVASAQSIIABCoVRaTG13
CAGACTCAAACTAATTC------mmmmm- ACGTAGTGTGGCCAGTCAATCTATTATTGCC 2070 QTAQ
TNS R SV AS Q S | | AFurin Cleavage SiteNmeAlll Restriction Site

| ]

A unique restriction site facilitates

identifying the correct E. coli clone
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SARS-CoV-2 Furin Cleavage Site GC Content

* The percent GC of the furin cleavage site insert is 77% compared to ~40%
of the surrounding DNAContains an NmeAlll restriction siteThe other CoV’s
with FCS have a %GC of <55%

Virus Nucleotide and Amino Acid Sequences
cla|t|alT|alT[clc]alcT]alalT]T]alT|clallalclT]cAlclalclT|alalT]Tc clelr|alalt]alT]alelc[TalclT]c|alalT]clc|alTIc]alr]T]clclclT]alclalc|T]alT]a
(5::;?\’2 G C. | A sE yialdalt | i g e N s T A T N - (T O b lalylTt]wm
\ %GC: 14/35 = 40% %GC: 10/13 =77% %GC: 17/39 =44%
clrlcltlslrlelclt|cltITlclclt]alalclalc]alclclT|als]T|alclt|c]TIc|alclalclclr]cls]clalelt]al 6l clelclr]cltalr T[] c]alclalt Il Alalalrlc] c[alc]r T[] alclalrcIc]al T [T ]alc]T
:\:i::)-cw L] oet P it el ps] il e st | S0l i [ [ Btedd RS sl R sk v el g L E Il Ml R E el als o] oa
%GC: 18/35 =51% %GC: 8/13 =62% %GC: 21/39 =54%
claltlclalalt]clalcltrIr]clT]clc|T|alT[T]clclalclclalalclt|alclTIT]clT|TIclalclelclalr[T]c]alalclelrlalcltalct [T Ic]T]alaltIal clalt]clr ] 6lalt [cl ]l [T [T [c] Al al Al IclGlc]c
(B:;?;V'HKUS G | o [T silFnn I el At e e e R (e s s e P R R e e sl e a l sl o vl e lal i ] A
: %GC: 15/35=43% . o L %GE:07/13,=54%) | 1 %@C: (19/39 = 49% -
- Igemm‘fﬁ. NAEICRE A bRt AT WGITIT
“2Basic tloavage’s te- by virtue of RNA-Polymerase stutte gse Lo
J /s =41 R A(’:T,"S 3438 et "'&Gc" 323'3 5‘3‘%' aGa

preferential

VA'S and

s this is not the case with SARS-CoV-2
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Spike Protein Regions

SP RBD: 91. 7%/95 8%
MP789 NTD RBD
:y 90.0%/94.2% 67.5%/80.2% 96. 5%/12% 198 ,6%/98.6%1.7%/95.8%
SP
FP

SARS-CoV-2 NTD RBD

97.4%/98.4% 98.8%/98.8%  96.5%/9%4% 76.4%/81:595.8%/100.0%

SP

RaTG13 ‘ NTD ) RBD - ‘ﬁP |

RBD 89.5%/94.3%

SECRET//NOFORN-

HR1

98.0%/99.2%

HR1

99.1%/99.3%

HR1

% ldentity:>9¢

™
HR2 |

CcpP

HR21

CP

™
HR2.

CP
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SARS-CoV-2 Spike RBD Alignment:

Possible RBM Cassette Insertion

SARSCoV2 TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPBCoV_RaTG13
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLOPRTFLLKYNENGTITDAVDCALDPMP789 TKFRTLLTIHRGDPMP---
NNGWTVFSAAYYVGYLAPRTFMLNYNENGTITDAVDCALDP NTD<>RBDSARSCoV2

LSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRBCoV_RaTG13
LSETKCTLKSFTVEKGIYQTSNFRVQPTDSIVRFPNITNLCPFGEVENATTFASVYAWNRMP789/Manis
LSEAKCTLKSLTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATTFASVYAWNR SARSCoV2
KRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTBCoV_RaTG13
KRISNCVADYSVLYNSTSFSTFKCYGVSPTKLNDLCFTNVYADSFVITGDEVRQIAPGQTMP789/Manis
KRISNCVADYSVLYNSTSFSTFKCYGVSPTKLNDLCFTNVYADSFVVRGDEVRQIAPGQT
>RBMSARSCoV2 GKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQABCoV RaTG13
GKIADYNYKLPDDFTGCVIAWNSKHIDAKEGGNFNYLYRLFRKANLKPFERDISTEIYQAMP789/Manis
GRIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA

RBM< RBD<SARSCoV2
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKBCoV_RaTG13
GSKPCNGQTGLNCYYPLYRYGFYPTDGVGHQPYRVVVLSFELLNAPATVCGPKKSTNLVKMP789/Manis
GSTPCNGVEGFNCYFPLQSYGFHPTNGVGYQPYRVVVLSFELLNAPATVCGPKQSTNLVK SARSCoV2
NKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVBCoV_RaTG13
NKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVMP789
NKCVNFNFNGLTGTGVLTESSKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGV

ACE2 Critical ContactACE?
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GACTATAATTATA

—SEEREF/NOFORN—
RS-COV-2 RBD vs PCoV MP789 RBD

>RBM
P DD EF|MEC e W DA N NS NI M B 8 O

NCCCTGATGATTNCAJQAGGTTGTGTAATAGCTTGGAATTCTAAC 1305SARSCOV2

GATTATAATTATANATIACCAGATGAT TTTAQAGGCTGCGTTATAGCTTGGAATTCTAAC 1317 D

. L]
Y ¥ ¥ R L D b F milsglic W TR waN ishiN N .38 d dff Ft.
S KVGEoTYNEYLYRLEENG coaon dairrrerencesrirst.
AACCTTGATTCTAAGGTTGGTGGTAAT TATAACTACCTTTATAGATTGTTTAGAAAGTCC 1365SARSCOV2 4S d_ OTh d' 31F- t
AATCTTGATTCTAAGETTGGTGGTAATTATAATTACCTGTATAGATTGTTTAGGAAGTCT 1377 N econa: Ira: Irs
L D 8§ K 'V B @ N ¥ N Tim yirir el N

P F E R D I
AACCTCAAACCT!

' K 2 B E R
vV E G, F N C

ST EIYOAGS T P U and third: 31 results in an

TTGAACGAGACATTTCTACAGAAATATACCAAGCTGGTAGTACACCC 1425SARSCOV2
AATCTCAAACCTTTTGAGAGAGATATTTCAA(TGAA

A ?TCSATEAGECCSGT‘;GC?CACCT 1437 s G‘N amino aC|d ChangepangO“n

¥ BRI QUS| G R i RV MBS0

TGCAATGGGGT TGAAGGTTTTAACTGTTACTITCQTCTACAATCTTATGGTTTCCACCCT 1485SARSCOV2 R B D Ca S S ette a p p e a rS to b e

TGTAATGGTGTTGAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCC 1497 1)

N G V. E G F
RBM<

NCYEFPLOSTYGEGQH® , a codon optimized insert

T R 6 ¥V 4 X 0  BJ¥ R VA8 B, By 1R

MP789 ACTAATGGTGTTGGTTACCAACCTTATAGAGTAGTAGTATTGTCATTTGAACTTTTAAAA

154 55SARSCOV2
ACTAATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACTTTCTTTTGAACTTCTACAT 1557 iy
N & ¥V 6 ¥ 0 P Y RV V ¥V L & F B LETE
RED< A B A T VI G PR ST ENIRMET 89
GCACCTGCTACTGTTTGTGGACCTAAACAGTCCACTAACCTAGTTAAAAACANATHTGTC 1605SARSC(V2
GCACCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTARAAACANATHTGTC 1617 A
P AT V C G P K K 8 TN




SARS-CoV-2 Spike Appears to be a Chimera

~SECRET/NOFORN—
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Break points align with those identified by WIV Scientists in

Liu et al., 2020

2008 (Ren et al., 2008)
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RmYNO2 - A Red Herring?

* Zhou et al., 2020 publish paper
descrlblpg Bat CoV r'mYNOZNext .
gEneratlon Seq uenCIng Was done SARS-CoV-2 Numbering. 667 668 669 670 671 672673 674 675 676 677 678 679 680 681 6:2 6':36:45:5 686 687 688 68% 630 631 692 693

ConsensusSARS-CoV-2 G A G | € AlS 'Y a T alT s|plf AIRIS v Ball o

on pooled bat samples to develop ko2 6 A 6 v ic SN - - - - wIS(B] (ATAT - v o NS 1

Ra1613 G AlG I AN ocllol@nE - - - - BE v AElBaoE )

two genome sequences — RmYNO1 cxce o a1 A RGN A 1 ¢ . . . . WSS ol » ) v

and RmYNO2Claim that RmYNO2 enestingaxoot a0ty (1Al 1615 el ot I s e Pl

contains inserted nucleotides at gt [ EE g o [
e

the S1/S2 cleavage siteAssert that
the SARS-CoV-2 FCS is therefore of
natural originNo virus is available
for peer confirmation

—SECREF/NOFORN— Zhou et al,, 2020
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RmYNO2 - A Red Herring?

Virus

SARSCoV2 T
RaTG13

P-CoV MP789

RmYNO2 i
Z2C45 T
ZXC21 i
SARSCoV
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—
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=1 1 B 1 I B E

EIEIEIEI B

=

T|T
T(T
T|T
T|T

TIT

T[T

T|TlC|T
TiT
TlalalT|T

=141

TIA|T|A|TIT
TIA|TIAIT|T
TIT|TIA[T|T

Nucleotide Sequences
T

—F

IR e

=1 1 1 E

TlAlT|T
T|A|T|T

{T|T
TlAlT|T
TIA[T|T
T{AlT|T

1 g7
T(T

AIT|T

T|T
T
T
T

===

T|T]AlT[A
T|T|A|T|A
T|T[A|T|A




HIV Epitopes

Perez, 2020
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HIV Sequences in the SARS-CoV-2 Spike Gene

HIV-2 RT §' - ACTTGTTCTTATCTTTCTTT - 3’ HIV-2 5’ - TGTTTATTTTGCTCCTACTTATAAGT - 3 HIV-1 Env 5! ~ TTGTTATTAAAGTATTT---TTTCAATTTTGTACTTATC - 3’
[ITEERELEEE [T111]][sARSCov2 5" - PEPEELEEEEEEE 1 FED 1T | [ saRSCov2 57 - COCCEREREREEE b LECEEREEE e 1 1| | sArscov2 5 -
ACTTGTTCTTACCTTICTIT ~ 3’ TGTTTATTTTGCTTCCACTGATAAGT ~ 3 TTGTTATTAAAGTCTGTGAATTTCAATTTTGTARTGATC ~ 3'

L'F'L P F F YOAR e SRR LR BRI IR ] D

Spike

HIV-1 Env 5' - AATGGTACTAAGAGGGTAGATAACAC ; HIV-1 Env 5' = CCCTACTAAT-GTTACTAACCCTACTAATGTT - 3’ HIV-1 Env 5’ - ttggtaaagatctacttctgggtgtttatt - 3
FECEPETEEEEEEEE 1 LEEEEL ] | sarscov2 57 FEREEEE B CEEE TEEE FEREEETLTT | sARscov2 Gl (O FEEE FEEE T T FREEELEL]) | sARsCov2 5" ~
AATGGTACTAAGAGGTTTGATAACCCTG ~ 3 CCCTACTTATTGTTAATAACGCTACTAATGTT - 3/ tttgtaatgatccatttttgggtgtttatt - 3’

NG T K R F D N P PR Mt B0 N 00 BRSO C N DB'F L GV X

Adapted from Perez, 2020 SEEREHNOFORMN




SECRET/NOFORN-
Perez, 2020 Scientific Challenges

* None of the six proposed regions are identical at either the nucleotide
or amino acid level with the corresponding HIV/SIV segmentsNone of
the six peptides are related to identified immunosuppressive regions of
HIV and SIV (Retroviral ISU Domains)The HIV gp41 Immunosuppressive
(ISU) Domains sequence is KQLQARILAVERYLKDQQLLGG - this sequence
does not match any of the sixFour of the six regions either perfectly or
almost perfectly match corresponding peptides in multiple Pangolin
CoVs - Perez did not account for Pangolin genomes in the paperSeveral
are only found in Pangolin CoV Spike sequences and not in Bat CoV Spike
sequences, indicating that the SARS-CoV-2 Spike NTD region originated
from a Pangolin CoV template

he next 2 pages are DIF citing (b)(1) and (b)(3)
nd are not provided.

SECRET/NCTFORN-



Alternative Scenario
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Hypothetical Laboratory Origin of SARS-CoV-2

WIV conducted a longitudinal studies to isolate a large number of bat Coronaviruses from multiple locations in China (2011-2015)WIV Developed Reverse Genetic
System, assembled WIV1 full-length infectious clone, and created chimeric viruses exchanging the WIV1 spike gene with the spike gene from other bat
Coronaviruses (2015-2017)WIV and other Chinese scientists conduct gain of function studies on SARS, MERS, IBV, and PEDV to insert furin cleavage sites
demonstrating increased virulence of the chimeric virusesWIV conducted in vivo and in vitro studies to characterize the bank of bat CoronavirusesWIV conducted
the live bat Coronavirus studies under BSL2 conditionsChinese BSL2 and US BSL2 conditions are differentChinese labs have had a history of virus escapes from BSL2
laboratoriesHypothesis: Between 2017 and 2019, WIV created a full-length infectious clone in pBAC-CMV using an unpublished bat Coronavirus genome as
template (BatCoVX)Hypothesis: Between 2017 and 2019, WIV created chimeric Bat-CoV-X viruses using the pBAC-CMV-BCoVX backbone and swapping out key
cassettes with other bat Coronaviruses (RBD, RBM, etc.) and adding additional features such as a furin cleavage siteHypothesis: In 2018-2019, WIV conducted in
vitro and in vivo studies to characterize the BatCoVX chimeric viruses under BSL2 conditionsHypothesis: In mid-2019, one of the not fully characterized Bat-CoV-X
chimeric viruses escaped from the WIV facilities and begins infecting civilians in the city of WuhanHypothesis: Starting in mid-2019 through present, WIV and other
Chinese laboratories conduct studies to characterize the Chimerc BCoVX virus that escaped (now called SARS-CoV-2)WIV (Zhou et al., 2020) publishes the 2019-
nCoV genome sequence showing relatedness to RaTG13 (a previously unpublished genome)BatCoVX likely highly related to RaTG13Hypothesis: Beginning in early

2020, WIV and other government controlled agencies begin to publish obfuscation information to drive the narrative that SARS-CoV-2 is of natural origin and
resulted from natural recombinationRaTG13RMYNO2Pangolin CoV’s




- CONCLUSION

IThe next page is DIF citing (b)(1) and (b)(3) and is not
provided.
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Concluding Points

WIV possesses a bank of Bat Coronavirus isolatesWI1V has scientists experienced in Coronavirology and Coronavirus Infectious Clone generationWIV Scientists generated chimeric SARS CoV and Bat CoV Spike
genes to identify minimal Spike Receptor Binding Domain cassette that could transfer receptor binding specificity (Ren et al., 2008)WIV possesses an existing and published Coronavirus Reverse Genetics System
(Zeng et al., 2016) utilizing their pBAC-CMV plasmidWIV has utilized the pBAC-CMV-WIV1 Full-length clone to generate chimeras with Bat CoV spike genes (Hu et al., 2017)WIV has BSL2/BSL3/BSL4 animal
facilitiesWIV has multiple in vitro assays (apoptosis, IFN-B induction, etc.) to characterize their Bat Coronaviruses and chimeric Bat CoronavirusesWIV and other Chinese researchers have conducted Gain of
Function studies in SARS, MERS, IBV, and PEDV to add Furin Cleavage Sites to CoV Spike proteinThe absence of a published progenitor virus for SARS-CoV-2 only indicates that it has not been published, not that
it does not existThe genomic sequence of SARS-CoV-2 has Type IIS restriction sites that are consistent with being generated by the Golden Gate Cloning system utilizing the published pBAC-CMV plasmidThe
SARS-CoV-2 genome has several break points where homology jumps from Bat Coronaviruses to Pangolin Coronaviruses which is consistent with a synthesized chimeric virusThe SARS-CoV-2 Spike protein
similarity with RaTG13 and Pangolin CoV Spike proteins may also be explained by use of cassettes swapped into the base virus — these break points align with those identified by WIV scientists (Ren et al.,
2008)The Pangolin RBD cassette is 100% identical at the amino acid level while the DNA sequence appears to be codon optimizedThere are no other published SARS lineage Betacoronaviruses that possess a
Furin Cleavage Site in their Spike protein (RmYNO2 does not have an insertion) and the SARS-CoV-2 FCS does not appear to be inserted via the same mechanism that drives Influenza virus insertions of polybasic
cleavage sitesZeng et al., 2016 stated that “All experiments using live virus was conducted under biosafety level 2 (BSL2) conditions” which would make an accidental release of a pathogenic Bat CoV capable of
binding human ACE2 more likelyA chimeric virus comprised of segments from natural Bat CoV genomes would appear like a recombined virus

The molecular biology capabilities of WIV and the genome assessment are consistent with the
hypothesis that SARS-CoV-2 was a lab-engineered virus that was part of a bank of chimeric

viruses in Zhen-Li Shi’s laboratory at WIV that escaped from containment
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BACK-UP SLIDES
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Nucleotide 914 Region

*Hpyl6611 Bgab1d1
CviQI Cdu2382311
Hindl Rlal
¥Rsal Sfcl
Hpyl8s1 [ *HpyCH4 IV HpyCH4I 11
Ftnuy r¥Pst144721 Rlal
Mnll *Set] HpyRY
AspBHI Mspd1 TspRI
Rlal Agsl FspEl
Ldedd0811 Eco29311 Chal3Il
Rlal Amnl Bdal
FspEl | ‘MspJI | FspEl Rlal
(FSpEI | (BspCNI | [R1al Cje54107111 SthSt3l1
Sgr1l MspdI Hpuy300X1 Hinfl (Abal215611 Lmo5401
Bdal Rlal i BtaIMutl TFil MspJI rRlal PfrJsiziv
| |
1273aa Glu Thr Lys Cys Thr Leu |Lys Ser Phe Thr |¥al Glu Lys Gly Ile Tyr Gln Thr Ser
5 ... CAGAAACAAAGTGTACGTTGARATCCTTCACTGTAGAAARAGEAATCTATCAAARCTTCTA ... 37
F830 I F900 | Fo10 | F9z0 1 F930 | F3d0 1
¥ GLCTTTGTLLCACATGCARCTTTAGGAAGTGACATCTTTTLICCTTAGATAGTTTGAAGAT ... 5
HindI | Agsl Sfel Abal215611 FRlal PfrJSi12Iy
| AspBH - ¥HpuCH4IY | HpyAy T#il Lmo540]
Ldedd(s] 1 MspJI ‘ Rlal HinfI Sthst3I1
Rlal “¥Pst144721 | | | HpyCH4I11 Cje54107111 MspJI
~Bdal CvilI { Rlal Rlal
Sgel { MspJ I | Cduz382311 FspEl
*MspJl I ¥Rsal [ | | “Bga5141 Chal3ll
MspJI || “%Setl [ | FspEl Bdal
Ftnuv | ¥HpylE61l | | | ¥BtsIMutl
Mnll , Rlal | | “TspRI
Ddel FRlal | fRlal
Hpyl881 -SgrTl L Hau300X ]
FspEl RunIj
BspCNI “MspJ1
FspEl Ecoz9311

— SO
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Nucleotide 1312 Region

MspJ1 *RspooBIY MspJI
SerTl *SenSARAZEIII Hpyl 88111
LpnPI Fail Sgr1l
MspJ1 MspJI FspEI
FspEI Sgel Hin#I
FspEl Alul TFil
Mepd I Rlal MspJ1
Rlal Rlal Hpy29sx1
+ApeKI CviKI-1 Rlal
Tsel Setl Sgel
CviKI-1 LsaDS41 FspEl MspJd1
Rlal Rla MspJI Setl
FFrudHI Sgel Rlal
Rlal ¥PsuGl Miu | I'MspJl EcoBLMcrX
Sgel ¥Rlal Apol Rlal FspEl Ddel Rlal
1273aa Asp Phe Thr Gly Cys WYal Ile Ala Trp Asn Ser Asn Asn Leu Asp Ser Lys Yal Gly
5... TGATTTTACAGGCTGCGTTATAGCTTGGAARTTCTAARCAATCTTGATTICTAAGGTTEGTEG ... 37
k1281 | k1290 1 1300 k.4 EA3105 Sl k1320 - F1330 1 F1340
3...ACTAAARTGTCCGACGCARTATCGAACCTTAAGATTGTTAGAACTAAGATTCCARCCACE ... 5
Rlal Mspd 1 “Rlal Apol “RlalfFspEl Rlal Rlal
¥AspBHI #FrudHI L=sabS4l FMIuCI Ddel EcoBLMcri
*MspJl #PsuGl Sgel EcoR]I Setl MspJ1
BlwI FspEl MspJdI MspJ1 Sgel
FspEI Rlal Hpu296X1 Rlal
MspJI Alul TFil
LpnPI CvikI-1 Hinfl
SgnTl Rlal FspEl
Rlal Setl SgrTl
CviKI-1 Fail MspJ1
MspJI | *SenSARAZEIII Hpyl8aI11
Sgel *RspoogIY FspEl
Rlal [*Rlal MspJI
Tsel Sgel

*ApeKl MspJI
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Nucleotide 1535 Region

SgrTl

Cje2631v cjel
FspEI | rMspJl PFrJSL21Y
Rlal | rFspEl Lmo5401
BstEII Rlal Rlal
Cjel MspJdI FatI
Maelll Rlal CyiAll
MspJI MspJdI Gha70811
Bsll Cje54107111 FspEl HpyUMOZ2X Y Fail
AbaBa3421Iy Rlal Tatl Cjel MspdI
MspJ1 Hpy298X1 CviQl Shod6] Cjel
FspEl Fail Rla Agsl Nspl
MspdI Cjel R1al HpuCHaY
Rlal Hsoll K3 Pfrdgaly Rlal
AspBHL MmeI Rlal| | Rlal AspBHI Rlal
Rlal| rFRspEl Rlal Bauld1911 MspJdI Sthskdll Nlalll
1273aa Asn Gly ¥al Gly Tyr Gln Pro Tyr Arg Yal ¥Yal VYal Leu Ser Phe Glu Leu Leu His .

5.. TAATGGTETTGGTTACCAACCATACA

CAGTACTAGTACTTTCTTTTCAACTTCTACATEC

« 8
F1500 | F1516: .4 k452051 F153077 F1540 1 A0 )
3...ATTACCACARCCARTGGTTEGTRTGTCTCATCATCATGAAAGAAARACT TGAARGATGTACG ... 5
Cjel -Cjel Rlal Scal Cjel Rlal
Rlal Hsoll Rlal PFrJs2ly HpyCH4Y
Rlal MapdI Rlal Rlal
MapJI FspEl Cjel Fatl
Mme I Rlal Agsl CviAll
FspEl i “MspJ1 Shod6l Tthi1111
SgrTl [ “Cje2631v ‘ HpyUMOS2X 1Y Fail
FspEl | Baul41911 MspJ1 Gba7 0811
rAspBrI | “Rlal “Cjel Nspl
MapJI | “Fail | “Tatl Nlalll
Rlal ‘ Hpy298X1 Cvill Rlal
FspEI Rlal { FRlal Lmo5401
Rlal Maelll FspEI PfrJsi21v
MspJI BstEIl MspJ1 AspBHI
AbabB3421Y CJe84107111 Rsal Sthstall

77
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SARS-CoV CATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTTGTGCTAGTTAC

1980 HVDTSYECDIPIGAGICAS YSARS-CoV-2
CATGTCAACAACTCATATGAGTGTGACATACCCATTGGTIGCAGGTATATGCGCTAGTTAT 2022
HVNNSYECDIPIGAGICAS YBCoVRaTG13
CATGTCAATAACTCGTATGAGTGTGACATACCTATTGGTGCAGGAATATGCGCCAGTTAT 2022
HVNNSYECDIPIGAGICASY  SARS-CoV CATACAGTTTCTTTATT-----------
ACGTAGTACTAGCCAAAAATCTATTGTGGCT 2028 HiT e L L RSTSQKS|
V ASARS-CoV-2 CAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCC
2082 QTQTNSPRRARSVASAQSIIABCoVRaTG13
CAGACTCAAACTAATTC---------—- ACGTAGTGTGGCCAGTCAATCTATTATTGCC 2070 QTAQ
TNS R S VA S Q S I | AFufin Cleavage SiteBspMI Restriction SiteNmeAlll Restriction SiteBsrDI

Restriction Site |






