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SARS-CoV-2 Genome 
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he next two pages are DIF citing (b)(1) and (b)(3) 
nd are not provided. 
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Methods to construct a 
Coronavirus Fu II-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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( Bank of Bat 
.,, Coronaviruses 

: • Fragment Synthesis 

Capability 
.. 

~ Reverse Genetics 
System 

f .. ·' . In ,vitro testing 
'•'' 

Capability 
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Ability to generate Bat-CoV
X Progenitor Virus 

---- ► 
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Type 11S Restriction Enzymes and 
Golden Gate Assembly System 
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Type I IS Restriction Enzymes 

• Non palindromic recognition siteCuts at sites outside of recognition 
siteEach digested location has unique nucleotide 
overhangsExampleBsal 

5' - GGTCTCNNNNN - 3' 
3' - CCAGAGNNN N - 5' 

---, 
I 

A 
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rThe next page is DIF citing (b)(1) and (b)(3) and 
is not provided. 
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WIV Bat Coronavirus Collection Efforts 
Table 1. Summary of SARSr-CoV daloction n bats from a single heb1tal in Kunmi ng. Yunnan. --Samplingijmo Samplotypc SaInolo Numboro - SARSr•CoV + bot spocics (No.) 

Total cov. SARSr-CoV + -
Anni 2011 anal swab M I 1 R. 5111""5( 1'1 -OclObor, 201 1 onolswab 8. 3 3 R ,Cl.\9(31 - ·-- +--
MAV,20 12 one! 1wab & ,.,_ 54 9 4 ll.s,,,cu.<(41 

Soptomb . 2012 1008$ JO 20 10 R ••m·cusUG) 
R luuu11u1quirt.x11 (3) 

Apnl 2013 fe01>s 52 2 1 18 R. m ·.:us06) -
Julv, 2013 anal &Wab & feces 115 9 8 R.sn""'5 (8) 

May,2014 reces 131 II 4 A. ~,01 ~~(31 -
R•ll'inAS(II 

Oc1Qb0r. 2014 i.1naJ wat, 19 4 4 R.:;, ie~('-I 

• WIV possesses a large bank of 
Bat Coronaviruses isolated from 
various bat species in Yunnan 
Province ChinaGe et al., 
2013Yang et al., 2016Hu et al., 
2017Five-year longitudinal study 
to isolate Bat Coronaviruses 
(April 2011- October 201S)Only 
a few sequences have been 
published 

l,tav.2015 IOODS 145 3 _ o __ -

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

October. 2015 

ToUJ/ 
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anal swab 25 6 

602 84 

5 

64 

(1) Yunn.an 
J G11lzhou 

Guang•I 

R. snicus(5) 

R(61)A (3) 

(•) Hong Kong 
Hubel 

" Sbaanxl 
(t, Hcboi 

' Jilin 

Extracted from Hu et al., 2017 



Yu et al., 2019 
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Isolation Locations for RaTG13 and MP789 

s 

t•) Yunn.in 
® Guizho1.1 
'® Guangxi 
{-I} H011g Kong 
@ 'Hul>el 
((I} Shaanx:I 
tZ Hcb4ii 

Ji llr. 

• 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~soo miles separate these two 
locationsWIV also collected CoV's from Guandong 
and may have a MP789-related virus in their 
bank"AII the genomic constituents of SARS-CoV 
including the hypervariable regions Sand ORF8 
were discovered from different bat SARSr-CoVs in 
the same cave in Yunnan, with evidence of 
recombination events detected between these bat 
SARSr-CoVs ... " (Yu et al., 2019)Question: How 
wou ld a Pangolin RBD from 800 miles away in 
Guangdong Province recombine into a BatCoV in 
Yunnan Province? 

$ Wuhan 
Hu et al., 2017 

$ Bat-CoV RaTG13/4991 isolation 

• Pangolin-CoV MP789 isolation 
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Postulated WIV Bat-CoV-X Full
length 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 WIVl 
(rWIVl, rWIVl-DX, and rWIVl-GFP-DX)." 

SECRET//NOFORN 

The next page is DIF citing (b)(1) and (b)(3) and is not 
provided. 
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WIV SARS-CoV Reverse Genetics System 

A 

3' 

B ' V 8gl!(•387l , 6Jll(1~11 , ' 18alll571) 11!1(1Qf21 I '11201 I 9''7017) 
,. ' .. ,. 

jC1S75A (AIOHC) (AIOS57CI (Aff012.CJ 
[TtOMG (T10563G) (T17021Cl 

8gl(22•u1 ~21m1 
I I -· . (TU•6KJ (TI7527CJ 

(A22'72C) 

pBAC-CMV-rWIV1 

PIG I tmtegyfor onsl nrcctious \ tru tur ofWIV I. (14)11,e 111ut,1tionsar indicawd under I hr ,1.m;. . I 7 A w.1. 
used to ;1hlJle a natural lcot idc 157 disrupt, l)<>lenlial 'fheo lhcrs were for int roducin~ llgl l ~i1e ('f' ). 
( he \VIV I genome ighl conti 7; ll, I 80J'.I 10 !0561; ' , nl IO 1\2 lo 12079; U, nt 
12080to17017; 1£,ntl , llgll lh frJgment~ h non moLu>1nulJl1011. 
to make these fr-Jitmcn 1· in I I u ln1tidc ar • shown ahove lht· llank l111,: 
scqu n e. of corresponding fragmen t ( mim promoter. lll>V ribot)'mc, and II 11 

Zeng et al., 2016 
Iran rlplional t -rn1inal ignal were · 11 HI ,111d Hin . itcs were in trodu l'<l b •tw ~n th· 'MV 
promoter and riboqmc. Fragm •at A pl mid iu a cp. 
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SARS-COV-2 GENOME RESTRICTION MAP 

... 

... 
*Tss l 
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Type 11S Restriction Enzymes 

• BsmBI (Plus strand) • BsmBI (Minus strand) 
5' - CGTCTCNNNNN-3' 5' - TNNNNNGAGACG-3' 
3 ' - GCAGAGNNNNN_. - 5' B s a P ' ( P-1 ~ ~ c1oor;c-
5' - GGTCTCNNNNN-3' 5'BsaI (Minus strand) 
3' - CCAGAG~ NNN - 5'SAR.§!C6\T~ ~C&:5~s not 
have any SacII or AscI r&stri~~CTCTGG - 5' 
si tesl 

r 

(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 #Bcl I 
'T·---2=---=6-==99 ___ _ 

r Acc65I ~~------ ..... 
-----~~O~M~--~-- A 

SspI Asel 
1~ a 

MfeI Tsp45I Hp~188I 
:. 12U a 

Apol *Hine! I 
~ z-

m~r Earl 
:21~ 

BspHI * Acl I 
"':419:. 

1 L-.1...-_.____.____.____.___......._.........._......_........._........._........._........._........._........._........._........._........._.........__.___.___.___.__........._........._........._........._........._........._......._ 29903 

* BsmBI 

Saeli BsmBI 

• • 

BsmBI 

I I l Lssal 
* BsrnBI 

BsmBI Bsal 

• 
SECRET//NOFORN 

Bsal 

Bsal Asel 

t .. F •.• pA 
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RE-based Fragment Build Option - Bsal/Esp31 
(Invisible restriction sites) 

r #Bcl I 
26 9 aa 

r Acc65I ------~=-------- ..,. 
"-"'-""------ ... 

SspI AseI 
i ~ a 

Mfel Tsp45I Hp~188I 
:. 12U a 

Apol * Hine! I ~ z:-
Ml~I Earl 

I ~ 
BspHI :t: Acl I 

:.419:_-
1 .___..___.___ _______ .........,_ ___________________ ......__.___ __ ....._ ________ ___._____,_____.____._____.__ 299()3 

:t BsmBI 

--+ ,_.,...,.,._,.,.., 
Bsal 
~~~=-----.----,---,-.~=~ 

Xie et al., 2020 

I 

Li ssmBI 
I I 
l LBsal 
*BsmBI 
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BsaI 

Esp31 
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Xie et al., 2020 SARS-CoV-2 FLC Assembly 

II Ill 

s 

l•J 

F'-1 
r n1; 

n -4 
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l.f gl ' l~ 
;gn • \ L .v, 

r..c;.\n~;-J 1TH, 1 

B.~u/ 11 < 
c;• , ri c,q n, r 
<-C Mii\ l• I (;°f ; .11, 

n ii' I . en; 1;.\n 
TT1rr;j,,.c-Tnc.,1. 

Jlw1i 
11111 

r r. %<, ~ff 
M,: ~ .i.n -l!;c. 

,,~,, a~ul 

Jr; 11.1 ;T1r; r.1t.(, 

fTI '.\ !Acffr◄;l~ 
.B1t1l 

(b)(3):50 USC 3024(i); Sec. 1.4(c); Sec. 1.4(e) 
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Spike Gene 
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SARS CoV-2 SPIKE GENE 

1 

fcoRI Seal 

Xmnl Bsbl Xcml Nspl 

llt!lll lll 
914 

RBD1363-
1525 

Highest homology toRaTG13Pangolin CoV 

BspMI BsrDI 
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Bsal 

3822 



SECRET//NOFORN 

Spike Gene Swapping Using the WIV SARS-
CoV Reverse Genetics System 

A It H 

E 671 
5' ORF1a 

0RF1b 

B ' V Bgl(438fl f 8gl(10S61J f ' 8glij1$71) 
1%41('11 !Bf1201 J 1" 71 ~'61) 8gl(Z7)21 

I I I • « • ICIS7SA) l,UOHCJ IA t0557Cl IA170UCI (T22463C) ITT7S27CI 
(TIO:WG • tl1D.563Gl ,fT17021C) ~nc1 

pBAC-CMV-rWIV1 

• 
.. 

Hu et al., 2017 
swapped out the 
WIV1 spike gene for 
the spike gene of the 
fo llowing :Rs4231Rs73 
27Rf4075Rs4081Rs40 

85Rs4235As6526Rp3 

FIG I Mrnlegyfor onsl • ofa e f\VIVl. (8) Jtlonur irulicat ·dundcrLh t.,r~ . . I 75 w.i 

used L ablate a natural al n l. 1>01enllal 17 . The others were for introducing 11~11 site • ). 
( ' Th \VIVI I int ll, 1 8 , nl II 05 I; C , nt 10562 to 12079; L>, nt 
I 20ff0 lo 17017; llgll • di 1gnwnL~ b ~ non mou, 11n11,1tio11s 
to inak lh se f in LI e orig tid are shown above the Oankini: 

Zeng et al., 2016Hu e1iuak 210 1in t . motcr. 110 ribo, •me, and B ' II 
Iron rlptlunal I .al Hin I and ere inlro<lu cd I ·lwccn 1h • ' MV 
promoter and ribo . gr plasmid in a 



SECRET//NOFORN 

SARS-COV-2 SPIKE GENE SEGMENTS 
QUERY: PANGOLIN-COV 

- SARS..CoV-2_WIV02 
- B t CoV RaTG13 
- Bat SARSr-CoV ZC45 

Bat SARSr-CoV ZXC21 

b 

o.i 

Xiao et al., 2020 

Nuc 

,oo B I SARSr..COV ZC45 

100 8 I SARSr-CoV ZXC21 

8 lCoVR G13 

A SARS-CoV-2_WtV02 

RS-COVGO01 

R ion 1·914 

I on 

Sf-CoVZC45 

I SARSr-CoV ZXC21 

R gfon 1312-1533 

SECRET//NOFORN 

8 I eov TG13 

& SARS-COV-2_WIV02 

100 Bat SARSr-CoV ZC45 
......__ 

B I SARSr-CoV ZXC21 

.._ ___ SARS-CoV G001 

R ,on 1 3825 
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SARS-CoV-2 Sim PLOT 
:?:- 100% 
.::; 
C 

80% (lJ 
"C 

(lJ 60% 
"C 

~ 40% (lJ 

0 
20% ::, 

z 
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0 500 1000 

SP 

NTD 

>-.... 
100% ".;::; 

C 
(l) 

"'O 90% 
-0 
·c3 
co 80% 
0 
C .E 70% 
<( 0 200 

- SARS-CoV - Bat-CoV-ZXC21 

Liu et al., 2020 

1500 2000 

RBD RBM 

400 600 

Bat-CoV-ZC45 

2500 3000 3500. 4000 
TM 

FP HRl 

800 1000 

Pangolin-CoV-2020 

HR2 

CP 

1200 

Bat-CoV-RaTG13 

SECRET//NOFORN 

• "A recent study found that a human 

ACE2-bind ing 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 

res idues in RBM which may related 

to higher human ACE2-binding 

affinity than SARS-CoV are 100% 

ident ical between SARSCoV-2 and 
CoV-Pangolin-2020. Therefore, 

pangolin-CoV-2020 (CoV

pangol in/GD) potentially recognizes 

human ACE2 better than the SARS
CoV." 
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Ren et al., 2008 
J OURNAL or: IROLOGY, Feb. 2008. p. 1899-1907 
0022-53SX/08/ 08.00 +0 doi: I0. 1128/JYl.01085-07 
Copyright 200 . American SuciL·ty fo r Mkrobiology. All Right Rescni •d. 

Vol. 82. No. 4 

Differe nce in Receptor U age betw en Sever Acute Respiratory 
Syndrome (SARS) Coronavirus and SARS-Like 

Coronavi ru of Bat Origin 'iJ 

W11z1.: Rl.!n,1.i. Xiux ia Qu ,2'· Wt:ndong Li ,1* Zhcnggang Han,1 Meng Yu.3 Peng Zlwu, 1 hu-Yi Zhang.4 

Lin-Fa Wang,3* Hongkui Dcng,2 and Zhcngli Shi 1* 

S((11<' Kl.')' Laboratory of Virolqm Wuhan /11s1itut<' of Virology, Chinese Academ_v of Sciences, IV11ha11, Chi11a1; K,')' Labomro0•,of 
Cell Prolifera1io11 and Differe111ia1io11 of the Mi11 is11y of Educa1io11, College of Life Sciences, Peking U11il•ersi1y. 8t'iji11g, Chi11rr; 

CS/1?O Lil'f?-Stock Industries, A11stmlia11 A11imal Heall/, LabomtOI)' a11d A11s1m/ia11 Bio ecuriry Coopeniti1e l?esearch en/er for 
E111ew11g hifettioll.S Di.seases, Geelong. Austroiia3; and School of Ufe cicnce, Ea.sr China No1111al U11ia>ersi1y, lia11g!U14 China4 

Received 20 May 2007/Acccplcd 15 ovcrnbc r 2007 

Sc,·erc arutc re piratory s)·111lromc (SA R ) is caused b,• the SARS-a, sociatcd 1·oro11n1•irus (S RS-CoVI , 
which use · angiotensin-convcrting enzyme 2 (ACE2) a - it receptor for cell mtr~·- group .of SA RS-like· Co\ ', 
(SL-Co , ) ha been identified in horse ·hue bat . SL-CoV and SARS-CuV sha re id.,ntkal 0 c·11011w organiw
tion • a ncl high ·cqucncc idcntitic ·, 11ith the main cxc-cption of till' N tc rminu • of tlw , pike 11rutein (SJ. kno"n 
to be respons ible for receptor binding in oVs. In t hi tucly, we inwstigakcl the rc.-cpto r u. age of the S1.-CoV 

by combin ing a human i11.111111nodd icicnry riru -ba l'd p cnclo.-iru ,y ·tcm with n il line ,·xprc, ·ini,_: thl· 
ACE2 1uolccuk • of human civet, m· hor e hoc bat. In addition lo full -length of ·1.-Cu\' and SAR ·. "oV. a 
c1·ic or chimera was con tructed by in ·crtin° clilforcnt ·cc1ucncc • of the ' R • "oV into thl' "L-Co\' S 

buckbunc. Scn-1111 importa nt ob ·cnation.s we re made fro m this ·tudy. Fir ·1, the SL-Co\l was unabl r tu us\· 
a ny or t he three E2 molecule a it ' nccptor. cconcl, the "AR ·-cov • fa iled to enter ce ll c.x11rc • ing the 
bat "E2. Third. the hinwric co,,cring the 11reYio11 ·ly defined rcccptor-bincling domnin g:1i1ml its abi lit~· lo 
enter cell · 1·ia bum:111 CE2, a lbeit with dilforcnt cDkicnric fo r dill'ercnt con; truct . Fou1·th. a min imal inser t 
re •ion (a mino acid " 310 tu 51 8) wa found lo be sufficient to co1ncrl the L- oY • from 11011 -ACE2 binding tu 
lmnm n A E2 binding, indicating thni the ' L-CoV i largely compa tible \\ilh R •• oV protd n both in 
·tructu re nnd in function. The ignilkn nrc of the ·c findings in relation to "Im - origin, , i ru • r,·,·ombinat ion. 
allfl ho t •" i tchin • is clisrns ed. 

SECRET//NOFORN 



SECRET//NOFORN 

Minimal Receptor Binding Domain Cassette 

• WIV scientists previously 
defined the minimal Receptor 
Binding Domain cassette that 
could functionally transfer 
ACE2 binding capability from 
one Spike protein to 
a notherSARS Nucleotide: 
930-1554SARS Amino Acid: 
310-518Receptor Binding 
MotifSARS Nucleotide: 1251-
1482SARS Amino Acid: 417-
494Homology cut points of 
SARS-CoV-2 coincide with 
WIV-identified borders of RBD 
and RBM 

Xiao et al., 2020 & Ren et al., 2008 

08 

0 

0 

600 1,000 1, 00 
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p1k g n 

- SARS-CoV-2_ WIV02 
- Bat CoV R TG13 
- Bat SARSr-CoV ZC45 

Bat SARSr-CoV ZXC21 
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Furin Cleavage Site 

SARS-CoV CATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTTGTGCTAGTTAC 
1980 H V D T S Y E C D I P I G A G I C A S YSARS-CoV-2 

CATGTCAACAACTCATATGAGTGTGACATACCCATTGGTGCAGGTATATGCGCTAGTTAT 2022 
H V N N S Y E C D I P I G A G I C A S YBCoV RaTG13 
CATGTCAATAACTCGTATGAGTGTGACATACCTATTGGTGCAGGAATATGCGCCAGTTAT 2022 
H V N N S Y E C D I P I G A G I C A S Y SARS-CoV CATACAGTTTCTTTATT------------
ACGTAGTACTAGCCAAAAATCTATTGTGGCT 2028 H T V S L L R S T S Q K S I 
V ASARS-CoV-2 CAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCC 

2082 Q T Q T N S P R R A R S V A S Q S I I ABCoV RaTG13 
CAGACTCAAACTAATTC------------ACGTAGTGTGGCCAGTCAATCTATTATTGCC 2070 Q T Q 
T N S R S V A S Q S I I AFurin Cleavage SiteNmeAIII Restriction Site 

SECRET,'/NOFORN 

:•-;·-- A u~iq~~-~;s~-ri~tlon 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 NmeAIII restriction site The other Co V's 
with FCS have a %GC of <55% 

Virus 

SARSCoV2 

(47%) 

MERS-CoV 

(54%) 

BatCoV-HKUS 

(47%) 

SECRET//NOFORN 
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Spike Protein Regions 

SP RBD: 91.7%/95.8% 

MP789 NTD RBD RBM 

90.0%/94.2% 67.5%/80.2% 96.5%/ 2% 

SP 

SARS-CoV-2 NTD RBD RBM 

97.4%/98.4% 98.8%/98.8% 96.5%/ 4% 76.4%/8 !16.8%/100.0% 

SP 

RaTG13 NTD RBD RBM 

RBD: 89.5%/94.3% 

SECRET//NOFORN 

% ldentity:>95 

TM 

FP HRl HR2 

CP 

98.0%/99.2% 

TM 

FP HRl HR2 

CP 

99.1%/99.3% 

TM 

FP HRl HR2 

CP 
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SARS-CoV-2 Spike RBD Alignment: 
Possible RBM Cassette Insertion 

SARSCoV2 TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPBCoV_ RaTG13 
TRFQTLLALHRSYLTPGDSSSGWTAGAAAYYVGYLQPRTFLLKYNENGTITDAVDCALDPMP789 
NNGWTVFSAAYYVGYLAPRTFMLNYNENGTITDAVDCALDP 
LSETKCTLKSFTVEKGIYQTSNFRVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRBCoV_ RaTG13 
LSETKCTLKSFTVEKGIYQTSNFRVQPTDSIVRFPNITNLCPFGEVFNATTFASVYAWNRMP789/Manis 
LSEAKCTLKSLTVEKG IY QTSN FRVQPTESIVRFPNITNLCPFGEVFNATTFASVYAWNR SARSCoV2 
KRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTBCoV_RaTG13 
KRISNCVADYSVLYNSTSFSTFKCYGVSPTKLNDLCFTNVYADSFVITGDEVRQIAPGQTMP789/Manis 
KRISNCVADYSVLYNSTSFSTFKCYGVSPTKLNDLCFTNVYADSFVVRGDEVRQIAPGQT 

TKFRTLLTIHRGDPMP---
NTD<>RBDSARSCoV2 

>RBMSARSCoV2 GKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQABCoV RaTG 13 
GKIADYNYKLPDDFTGCVIAWNSKHIDAKEGGNFNYLYRLFRKANLKPFERDISTEIYQAMP789/Manis 
GRIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA 
RBM< RBD<SARSCoV2 
GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKBCoV_RaTG13 
GSKPCNGQTGLNCYYPLYRYGFYPTDGVG HQPYRVVVLSFELLNAPATVCGPKKSTNLVKMP789/Manis 
GSTPCNGVEGFNCYFPLQSYGFHPTNGVGYQPYRVVVLSFELLNAPATVCGPKQSTNLVK SARSCoV2 
NKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVBCoV_ RaTG13 
NKCVNFNFNGLTGTGVLTESNKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGVMP789 
NKCVNFNFNGLTGTGVLTESSKKFLPFQQFGRDIADTTDAVRDPQTLEILDITPCSFGGV 
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SARS-COV-2 RBD. vs PCoV M P789 RBD 
>RBM 

D Y N Y K~ P D D F~ G C V I A W N S N MP789 
GACTATAATTATA AC1 CCCTGA'rGA'l"r1 CA AGGTTG'rG'.l'AATAGCTl'GGAAT'.l'Cl'AAC 1305SARSCOV2 
GATTATAATTATA AT ACCAGATGATT TA AGGCTGCGTTATAGCTTGGAATTCTAAC 1317 
Y N Y KLPDDFTGCV I AWNSN N LD 
S K V G G N Y N Y L Y R L F R K S MP789 
AACC1'TGATT '.l'AAGGTTGGTGGTAA 1'TATAACTACCTTTATAGATTGTTTAGAAAGTCC 13 6 5SARSCOV2 
AATCTTGATTCTAAGGTTGGTGGTAATTATAATTACCTGTATAGATTGTTTAGGAAGTCT 1377 
L D S K V G G N Y N Y L Y R L F R K S 
P F E R D I S T E I Y Q A G S T P MP789 

N L K 

AACCTCAAACCTTTTGAACGAGACATTTCTACAGAAATATACCAAGCTGGTAGTACACCC 1425SARSCOV2 
AATCTCAAACCTTTTGAGAGAGATATTTCAA TG ATCTATCAGGCCGGTAGCACACCT 1437 
LKP F ERDISTEIYQAGSTP CNG 
V E G . F N C Y F Y G F Q P MP789 
TGCAATGGGGTTGAAGGTTTTAACTGTTAC'r1TC TCTACAATCTTATGGTTTCCACCCT 1485SARSCOV2 
TGTAATGGTGTTGAAGGTTTTAATTGTTACTTTCCTTTACAATCATATGGTTTCCAACCC 1497 C 
N G V. E G F N C Y F P L Q S Y G F Q P 
RBM< T N G V G Y Q P Y R V V V L S F E L L H 
MP789 ACTAATGGTGTTGGT'I'ACCAACCTTATAGAGTAGTAGTATTGTCATTTGAACTTTTAAAA 

154SSARSCOV2 

D 

N 

N 

ACTAATGGTGTTGGTTACCAACCATACAGAGTAGTAGTACTTTCTTTTGAACTTCTACAT 1557 T 
N G V G Y Q P Y R V V V L S F E L L K 

RBD< A p A T V C G p K K S ~ N MP789 ffi 
GCACCTGCTACTGTTTGTGGACCTAAACAGTCCACTAACCTAGTTAAAAACA AT TGTC 1605SA SC V2 
GCACCAGCAACTGTTTGTGGACCTAAAAAGTCTACTAATTTGGTTAAJ\AAC T TGTC 1617 A 
P A T V C G P K K S T N 

• 38 codon differencesFirst: 
4Second: 0Third: 31First 
and third: 31 results in an 
amino acid changePangolin 
RBD cassette appears to be 
a codon optimized insert 

[l 
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SARS-CoV-2 Spike Appears to be a Chimera 

90'>/o 

I 
I 

SP 

- SARS-GoV 
I 
I 

Liu et al., 2020 

NTD RBD RBM FP 

I I 
I I 

HR l 

T M 

HR2 

CP 
~ ..... • --------,-----~;.::::;:.~--=- =_=_=_=:.y=:. 

200 400 pOO 
I 
I 

800 1000 

- Bat-ColV-ZXC21 
I 
I 
I 
I 
I 
I 
I 

- 1 
I 

Bat-CoVJ.ZC45 Parngolin-CoV-2020 

I 

Break points align with those identified by WIV Scientists in 
2008 (Ren et al., 2008) 
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RmYN02 - A Red Herring? 

• Zhou et al., 2020 publish paper 
describing Bat CoV rmYN02Next 
generation sequencing was done 
on pooled bat samples to develop 
two genome sequences - RmYN0l 
and RmYN02Claim that RmYN02 
contains inserted nucleotides at 
the S1/S2 cleavage siteAssert that 
the SARS-CoV-2 FCS is therefore of 
natural originNo virus is available 
for peer confirmation 

H 

ZC4S G A G I 

ZXC21 G A G I 
paneolin/MP789/ 2019 G A G I 

paneolin/GX/PSL/ 2017 G_ A G 

SARS-<oV GZ02 G A G 

RmVNOl G A G I 
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Polybaslc cluvage site 

0-llnktd gtycan residues 

A I V 

A I V 

A I I 

I I 

I V 
I V 

Zhou et al., 2020 



ir 

ARSCoV 

RaTG13 

P-CoV MP789 

RmY 0 

ZC45 

ZXC21 

SARSCoV 
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RmYN02 - A Red Herring? 
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HIV Epitopes 
Perez, 2020 
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HIV Sequences in the SARS-CoV-2 Spike Gene 

orflb 
21,563 25,384 

Adapted from Perez, 2020 SECRET//NOFORN 
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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 lmmunosuppressive 
{ISU) Domains sequence is KQLQARILAVERYLKDQQLLGG - this sequence 
does not match any of the six Four 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 
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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 (2011-201S)WIV Developed Reverse Genetic 

System, assembled WIVl full-length infectious clone, and created chimeric viruses exchanging the WIVl 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-CMVusing 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 recombinationRaTG13RMYN02Pangolin CoV's 
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CONCLUSION 
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Concluding Points 
WIV possesses a bank of Bat Coronavirus isolatesWIV 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-WIVl 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 115 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 virus The 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 (RmYN02 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 Sh i's laboratory at WIV that escaped from containment 
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Nucleotide 914 Region 
*Hpy166II Bga514I 
CviQI Cdu23823I I 

H1n41 Rial 

I *Rsal Sf'cl 
Hpy188 I I * HpyCH4 IV HpyCH4 I I I 

FtnUV f *Pst144721 Rial 
Mnll I *Seti HpyAV 

AspBHI Ms pJI Ts pRI 
Rial [ Agsl Fs pEI 
Lde4408 II t Eco293 l I Cba13 I l 

I Fs pEI ~;tjl I j ~ Xm~~pEI :~:: 
FspEI BspCN~ Rial 1

1 
CJ~4107l11 SthSt3II I SgrTI [ s pJ i Hpy300X! Hinf'I Aba121561I Lmo540l 

Bdal I I 1 f Btf l tl Tf1 I ~lspJ I Rial Pfr JS121V 

1273aa Glu Thr Lys Cys Thr Leu llys Ser Phe Thr Val Glu Lys Gly Ile Tyr Gin Thr Ser 

5' ... c R ... G ... R .... R .... R"''c'" .. R ... A AG r• G• l"'n•c ... G l"'IG .. R A A l"'c'"'c T l"'c n ... c .... l"'G ... T n•G R n'"'n R R .. G .. G ... R RT c"'·1 R l"'c RR n ... c T l"'c l"'R ... 3' 
1-890 I l-900 I l- 910 I 1- 920 I 1-930 I 1- 940 I 

3' • • • G .. .T. ... C,.T..,T T..,G T T,.T..,C,.R C,.R,.T..,G..C R I\_C..,_T T T.._R ... G..G..R A G.._T.._G..,_R c ... n ... r .... c TT T 1 ... 1 ... c ... c TT R..,_~R TR GT T T..,_G R I\_G R..,T . .. 5' 
1 

~i 'l'4I I I AgsI 
I I SfcI Aba12156Il Rial PfrJS121V 

~spBH I * HP!:!CH4IVI HpyAV Tfi I Lnio540l 
Lde44 8 I Ms pJ Rial Hi nfI SthSt31 I 
RI a I l :t:Pst1 4721 HpyCH4II I , 1 Cje541071 I I Ms pJ I 

· BdaI CviQI l Rial Rial l !~:~ I I ;;s~ 1 ~:~~i:i3 II c~~1r 
MspJI *Set! t FspEl BdaI 

FtnUV :i:Hpy166II BtsIMutI 
Mnll Rlal TspRI 

Ode I Rial RlaI 
Hpy188I SgrTI 300XI 

Fs pEI 
BspCNI 
FspEI 
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Nucleotide 1312 Region 
MspJI * Rsp008IV 

sizr TI * SenSARA261 I I 
LpnPl f Fail 
MspJl MspJI 
FspEl Sgel 

FspEI Alu I 
MspJl Rial 
Rlal Rial 

*ApeKl CviKI-1 
Tsel Seti 
CviKI-1 LsaOS4I FspEI 

MspJ I 
Hpy1881Il 

SgrTI 
FspEI 

Hinfl 
Tfil 

MspJI 
Hp',l298XI 

Rlal 
Sgel 
MspJI 

Seti 
RI,,! 

Rial ~ MspJI 

~la! * Ps I MspJ I I 
t fnu4t. EcouRI SgeI 

SgeI I *R al f Apol I r RlaI fispEI Ode! 
EcoBLMc.r:< 

Rial 

1273aa Asp Phe Thr Gly 1Cys Val le Ala lrrp Asn Ser Asn Asn Leu Asp Ser ys Val Gly 
5' ... T GA TT TT n· c""n .... G""G· c· l"'G""c G .... T T n'~"r""R G""'c f'l"'G .... G· n RT TC T n· n· c R n• t 'c""T""T G""n· r T c· r RR G""G ... T .... T G .... G T ... G ... G .. . 3' 

r 12a1 1 ~1290 1 r13oo I r 1310 1 r1320 1 r 133o I r 134o 
3 ' ... AC T...,I\._R RR T...,G T c ... c. G..,R,..C,..G C,.R R T,..R ... T C,.G R..,I\._C,.C TT R I\._G RT T_.G T T. R,.G RA C.._T R ... A,.G,.l\.,T,._T.,c ... c RA C,.C.JI c ... c ... 5' 

Rlal l MspJI I Rial Apo! Rial FspEI Rial Pia! 
* AspBHl 1Fnu4HI I Lsa0S4I MluCI Ode! EcoBLlh:rX 
* rlspJI * Ps~I SgeI EcoRI Seti MspJI 

Bbv I FspEI MspJ l 11spJ I Sge l 
FspEI I Rial Hp!:J298XI Rlal 
MspJI Alu! Tfil 
LpnPl CviKI-1 Hinfl 
Sgt TI Rial FspEI 

Rial I LSetI SgrTI 
CviKI-1 Fail MspJI 
MspJ l * SenSARA26I II Hpy188Il I 
Sge11 * Rsp008IV FspEI 

Rial * Rial MspJI 
Tse! Sgel 
* ApeK I MspJ I 

oEbK.E I// l~UFUKI~ 
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Nucleotide 1535 Region 
SgrTl CJe2631V CJ el 
FspEl I MspJ l PfrJS12IV 

Rlal FspEI Lmo540I 
BstEII Rlal Pia[ 
Cjel MspJI Fat! 
MaeIII , , RlaI c ... iAII 

MspJ I I 11spJI Gba706 l l 
Bsl I Cje54107I I I I FspEl HpyUM032XIV Fa1 I 

HbaB834211/ Rial I Tat! CJe! t1spJI 

11sr;;E I MspJ I Hpy~!T 1 ' ii :i I Sbi::kra1 CJ~i~~H4V 

Rl<l!l Hsoll I I PfrJ~~ll' Rial 
I AsrpBH~ Mme! Rial Rial AspB~I Rial 
Rial fispEI Rial r Baul l91 I t·lspJ I ~thSt31 I Nial I I 

1273aa A~n Gly Val Gly Tyr IGln Pro 1Tyr Arg !Val Val Iva! !Leu Ser Phe 1Glu Leu Leu His 
5' ... T R ... A T ... G ... G T G ... 1"'-f'G ... G"'T T A ... C ... C fl A c·c n· r n•c A G ... A ... G'''r"'"A G•-rn• G· -rR· c TT -re TT l"'T ... G .... A R.C .... T T .... c .... -rn• c .... A· -rG· c ... 3' 

1-1500 I l-1510 I 1-1520 I 1-1530 I 1-1540 I 1-1550 I 
3' ... AT T n.c ... c A C.Jl..,A c .... c ... n..n.r .... ~G TT ~G r ... R T GT CT CRT CRT c ... n ... r ... G ~R A ... G A AR A..,c ... r T.,.G,.R f\.G l\.,T. G 1 ... 11 ... c. G ... 5' 

CJe! I ~CJe! Rlal 1- Scal CJel Rial 
Rlal r HsoII I Rial I PfrJS~lV Hp!;CH4V 

Rial MspJ I I RlaI Rial l I MspJ I FspEI CJe I Fat! 
r Ill~ l RlaI I Agsl CviAII 
'.JS El MspJl Sbo461 Tth11111 
~g Tl Cje263IV [ HpyUM032XIV Fall 

FspE Bau1419Il MspJI Gba708II l AspB~ Rial Cjel Nspl 
MspJ Fail Tat! NlalII 

Rial Hpy298Xl CviQI Rla I 
FspEI Rial Rial Lroo540! 

Rlal Nae II I fspEI PfrJS12IV 
t1spJ I BstEII MspJ I AspBHt 

Aba883421V CJe54107III Rsal SthSt3lI 
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SARS-CoV CATGTCGACACTTCTTATGAGTGCGACATTCCTATTGGAGCTGGCATTTGTGCTAGTTAC 
1980 H V D T S Y E C D I P I G A G I CA S YSARS-CoV-2 

CATGTCAACAACTCATATGAGTGTGACATACCCATTGGT§ CAGGTATATGC$ CTAGTTAT 2022 
H V N N S Y E C D I P I G A G I C A S YBCoV RaTG13 
CATGTCAATAACTCGTATGAGTGTGACATACCTATTGGTGCAGGAATATGCGCCAGTTAT 2022 
H V N N S Y E C D I P I G A G I C A S Y SARS-CoV CATACAGTTTCTTTATT------------
ACGTAGTACTAGCCAAAAATCTATTGTGGCT 2028 H T V S L L R S T S Q K S I 
V ASARS-CoV-2 CAGACTCAGACTAATTCTCCTCGGCGGGCACGTAGTGTAGCTAGTCAATCCATCATTGCC 

2082 Q T Q T N S P R R A R S V A S Q S I I ABCoV RaTG13 
CAGACTCAAACTAATTC------------ACGTAGTGTGGCCAGTCAATCTATTATTGCC 2070 Q T Q 
T N S R S V A S Q S I I AFufin Cleayage SiteBspMI Restriction SiteNm AII I Restri tion SiteBsrDI 
Restriction Site I I 
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