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You created this private channel on February 1st, 2020. This is the very beginning of the ft paper-2020- nature_medicine-proximal_origin channel.

Add description & Add people !3 Send emails to channel

February 1st. 2020* *

Kristian Andersen 12:11

joined paper -2020-naiure medicine-proximo) orgin. Also. Andrew Rambout joined.

a Andrew Rambaut

Nice channel title

Kristian Andersen

P* ™ Sopor socrct too

2 files ’

Bat_Wuhan. genei aus flB Bat_Wuhan_SARS.geneious

S IB Zip

W Finned by yor February 1st, 2020 ’

Kristian Andersen 12 31

C * jl Post »

Ideas for analyses

£3 Post

Structural analysis comparing nCdV/SARS/bat binding to bat /human ACE2

SRA search furin site ǅ neighbor

Likelihood of gaining furin site

Likelihood of gaining restriction site

Conservation in bat viruses around restriction site

General conservation across RBD

Is RBD hyper mutated or  is this whai we would expect?

Examples of mechanisms bv which viruses p ickup furin sites

0 Andrew Rambaut 12*7

ƴ What arc tfie coordinates of the RBD

Kristian Andersen 12.46

Ml 22553 ƴ 23140 in Hu-1

(might be a slight j i t ter in 3‘ - need to doublecheck)

Ideas for analyses

Q Private post. Mured in 1 place
Done editing Share

Ideas for analyses
Structural analysis comparing nCoV/SARS/bat birding to bat/human ACE2

SRA search fur in site ǅ neighbor

Likelihood of  gaining furin site

Likelihood of  gaining restriction site

Conservation in fint viruses .ircMjnd rcMriction site

General conservation across RBD

Is RBD hyper mutated or  is  this what we would expect?

Examples of mechanisms by which viruses rick up furin sites

Structural modeling human ACE2 vs bat ACE2

Ts/Tv f k-mcr usage unusual in any way?

& Andrew Rambaut 12:50 February 1st. 2020 “

Thanks

Kristian Andersen i

BB The RBD is  definitely heavily mutated, but I'm not sure that's unexpected - 1 need to compare across the bat viruses.

Screen Shot 2020-02-01 at lO-16.33.png •

(this is protein)

* Andrew Rambaut 13:13

Eddie is awake. Send him an invite to this slack.

This is  SARS and its close relatives:

snaue.pnR *

: s

REV0002899

Proximal_Origin_Slack-for-printing-OCRed-searchable.pdf prepared 2023-
07-21 by Robin Whittle for https://vitamindstopscovid.info/07-origins/ .

Based on Proximal_Origin_Slack.pdf from https://public.substack.com/p/
covid-origins-scientist-denounces .

Large black rectangles mainly covered in grey so as not to waste toner or
ink. On page 113 (2020-03-31) I added a clearer version of an image
containing a Reddit comment, with source URLs.  On page 44 I added
President Trump's analysis in larger text, since the original image is too
blurred to read.

The original file did not seem to have a searchable text layer, so I OCRed it
all, after the above changes, with PDF-XChange Editor Plus.

This means it is possible to search the text depicted in the images, thought
the OCRing is not very accurate due to the blurry nature of the text.
Nonetheless, we can easily find all references to the rebuttal letter which
was planned and apparently written around 22 Feb.  It seems (page 74, 27
th Feb) that it had not been sent.

To avoid empty pages, print: 1-78, 83-93, 97-135, 137-140.



The two bat ones arc about as far away as RaTG13 is from Wuhan

ƴnagc.png »

February 1st, 2020 -

Kristian Andersen

ES Just invited Eddie

Eddi* Holmes >30

joined paper-2020-nalure_medicine-proximaLorgin.

Eddie Holmes 13:30

• Morning

* Andrew Rambaut sisn

nCoV vs RaTG13

ƴnage,png •

Kristian Andersen 13 30 February 1st. 2020

The two bat ones arc about a$ far away as RaTG13 is from Wuhan

Help me interpret. 5o distance between 5AR5 and bat SARS-like s about the same as between RaTG13 and Wuhan?

Morning Eddie. Bright and early.

Do you have those comparisons just in protein space?

Andrew Rambaut 133
image.png

Yes hold on a tick

Eddie Holmes -.3:33

That's a great comparison!

Andrew Rambaut

SAPS:
February 1st, 2020

ƴnage.png

nCov:

mage.png

So not particularly heavily mutated.

Kristian Andersen i

EB Good! These are very similar. What’s the difference between 5AR5 and that bat virus?

a Andrew Rambaut 3:36
$2.86% identity across spike for nCoVvs Bat. 92.03% lor SARS vs bat

5o I don’t think the ‘hypermulatioo’ in RBS is a goer.

Kristian Andersen 13-37 February 1st, 2020 -

r -  j Agreed

It’s hyper mutated, however, that region in general is hyper mutated ƴ in other words, this is what we'd expect.

a Andrew Rambaut 1X37

4Hb Yes.

Kristian Andersen

* Andrew Rambaut 3:38

ƴ So cleavage site and restriction sites. Thoughts?

Kristian Andersen 13:38

r *  j I'm looking at cleavage site right trow - lemme share alignment

Zip *

B Protein alignmcntgcneous
eb s»>

For this I took ~ 30 AAs flanking the furin sire in nCoV and protein blasted i t  then downloaded everything that came up and aligned everything. A lot of diversity around that site in general

* Andrew Rambaut 13A2

B RaTG13 is identical except lor the 4 residue insertion.

REV000290D



Kristian Andersen

Yup

February 1st, 2020 -

What does the region around that site look like in your previous alignments?

Kristian Andersen 13:49

As tor the BamHi site. It’s a single synenymous transition. Tire conservation downstream ot it is typical tor other sequences here, so also not unexpected.

I. 
.1

] I

Eddi« Holmes -_3.si

Whatever has happened here, the virus became very quickly loaded for human transmission.
(SF Q fl

Kristian Andersen 1351

So I think we can say that (1) hyper mutation and(2) restriction site are both consistent wi th  evolutionary theory. (3) lurin site is peculiar and (for now) unexpected, but we have a large

ascertainment bias.

Yes - that could definitely be due to the RBD mutations ǅ ftrin

Eddie Holmes 13:52

ƴ But they would also be exactly what was expected by engineering

a Androw Rambaut ' .t

dB ƴ It will be interesting to know what Ron thinks. He is not going to want it to be a GOF escape.

Kristian Andersen :

Quest on is - evdution or engineering. My problem is that both really rather plausible.

Yup

Ron will likely bush back hard - which is fine.

Eddie Holmes 1:53
No way to prove. If it's evolution we've missed a key component somewherc-.-anotherhostJcarlier spread in humans

Andrew Rambaut 1353

For evolution I guess wo would posit a non -bat species prior to humans in which the cleavage site insertion occurred

Kristian Andersen 13:54
1 think the main thing still in my mind is that the lab escape version of this is so friggin' likely to have happened because they were already dcing this type of work and the molecular data is fully

consistent with that scenario &* Q a
11:54 Forevolution I guess wc would posit a non bat species prior to humans in which the cleavage site insertion occurred

Yup. heed to try and figure out SRA searches today

( Andrew Rambaut 1 3:55

I ƴ Woulc someone try the insertion deliberately? Sec whit it docs? Why would you think i t  wculd work in coronavirus spke?

V Eddie Holmes :j:55

ƴ And this lab escape story came from others .Jeremy might explain. He asked me to lock into it I thought ’can’t be true' but...

Bob said the insertion was the 1st thing he would add.

Andrew Rambaut 13.5*6
How would it be done in the lab?

How would you decide what to xld?

Eddie Holmes 13:57
Makes i t  more fusogenic so will increase virus titre. G? Q <$> fl

113/ Just read the Abstract

PDF

1 *2.0 50042602206000900 mari.pdf
PDF

virouxn

Furm elenvjgr of ihr SARS romnn> mu tpke flyroprotria edunect
ceil cell fKi>» hit ii.~ies not aftecc uncut entrr

Kristian Andersen 13:58

Yeah, the furin site would be the first thing to add for sure. Bob dug into this a litte more and some of the distant human coronaviruses do have furin-like sites. The one in n€oV is the optimal site

though

Eddie Holmes 1:59

Better get ready to cal in!
4 Latest mcM-agcs

REV0002901
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Kristian Andersen 13:59

Efl Yes. call.

Cheers

a Andrew Rambaut

Stay on here in case we need to message.

Kristian Andersen 1401

Yup

Kristian Andersen 14:13

Just FYI - ol inked gtycan also present in bat

Kristian Andersen 14:19

Crap, don't know the context around S that make them glycan sites. I might be wrong

The serines are there in the bat

Eddie Holmes 4 39

Big ask!

Kristian Andersen 14 39

Destroy the world based on sequence data. Yay or nay?

Kristian Andersen 1*52
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Eddie Holmes 1457 February 1st. 2020 -

Sure thing.

Kristian Andersen i-*.,sc

I propose San Diego.

Makes sense what he’s saying - but man. that’s hard to pull off.

Andrew Rambaut

Yes.

Kristian Andersen i s  01

No

Eddie Holmes . 501

Can we do a zoom?

Kristian Andersen �v

You too Andrew!

Yup. Ill set up a zoom

a Andrew Rambaut $02

Great.

There is a WHO research expert group meeting in Geneva on the 12th Feb

Kristian Andersen 15 OS

Efl https://zoom.us/j/9673242666

Call -

Zoom meeting

Ended at 4:06 PM - Lasted 101 weeks

Meeting ID: 967-324-2666

0 people joined

Added by Zoom

@Eddie Holmes • you hopping on?

Kristian Andersen 22 42

r �v* j ? Eddie Holmes and @Andrew Rambaut - here's a document I have been working on trying to summarize the discussions. A little tricky to balance how much to include versus not. so please feel

free to edit away as you sec fit. Maybe send this over to  Jeremy and Tony Sunday? https://docs.googlc.eom/document/d/lHOVHVaahY2wMwAij Mb-rLTV3QomBai-DwRDcn5060E/cdit?

usp-sharing

G Suite Document •

Summary
Google Doc

February 2nd. 2020 •

Kristian Andersen >ioo

r - - Dumping this here as I need to think on this - it's kinda weird. Looking at the Ts/Tv spectrum.

4 files -

bat_wuhan.snps.xlsx sars_sars-like_snpsj<lsx 0 sars_sars-like2_snps.xlsx

V0 Excel Spreadsheet Excel Spreadsheet VhI Excel Spreadsheet

snps.txt
00 Plain Text

4 Latest messages

REV0002902



February 2nd, 2020
Andrew Rambaut w ƴ<
Hi Kristian.

I missed this this mowing otherwise I would have held off on the reply to Ron. I will take a look and let you know. !ƴ-. dite«fl

Kristian Andersen 09:44

Yeah, no worries Andrew - 1 think your reply was great. Both Ron and Christian are much too conflicted to think about this issue straight - to them, the hypothesis of  accidental lab escape is so

unlikely and not something they want io consider. The main issue is that accdenul escape is in fact highly likely - it's not some fringe theory. I absolutely agr ee that we canT prove one way or the

ether, but we never w i l  be able to however, that doesn't mca n that by default the data is currently much more suggestive of a natural origin as opposed to e.g. passage. It is not the furin

cleavage site is very hard to explain.

I think my initial attempt at writing up a summary was ok. but I’m not happy with it - it's not reallygetting to the point I'll rejig i t  this morning go climbing, ard then come back to it around roon PT.

Maybe Eddie can then send i t  over to Jeremy later today - 1 don't think we should reply back on the current thread as he effectively shut down the discussion there and I think will just lead to a

shouting match - Christian and Ron made it clear that they think this is a crackpot theory

a Andrew Rambaut .029

I just had a phone call from Mark Perkins at WHO who was asking me about the HIV paper - the DG had rung him and wanted to  know if it was true. Told Mark i t  was complete bollocks and why i t

was. But twitter is going crazy.
. <£/ Q Q :

Kristian Andersen in to
QB Tony Fauchi called me yesterday afternoon with the exact same question and I gave him the exact same answer. It's really disturbing we have to explain away that paper - it’s complete and utter

bollocks. My fear Is that the likes of Chrlsdai and Ron puts the question that’s being asked here into the sarre category ƴ I'm pretty sure by now tfiey think l‘<n a complete crackpot.

Robert Garry iCMS

ƴ was added to paper-2020-naturc_meciicinepraximal_origin by Kristian Andersen.

* Andrew Rambaut 1:10 February 2nd, 2020 *

Ron had me clotted as an ariti-GOT fanatic already. Although my primary concern is that these experiments are done in Cat 3 labs.

Kristian Anderten 11 14

QB Interesting. I'm all for GOF experiments. I think they're really important* - however performing these in BSL-3 (or less) is just completely nuts! IMO i t  has to be performed at BSL-4 with extra
precautions.

"I have evoved a bit on this point. I used to think they're really important, but I'm actually not so sure anymore. I thought it was really important that we understood whether e.g.. avian influenza

could be transmissible between humans • and importantly which stepstand how many; would need to be involved - but honestly I'm not sure that type of knowledge is at all actionable, white, of
course, being exceptionally dangerous. It only takes one mistake.

Kristian Andersen �v

QB Andrew Rambaut to this comment - *1 thhk we should write a parallel document about scenarios for natural origins. The two things can be considered completely independently’. Yup, totally

agree. I'll take that whole section out cf the document and write t all differently. Do you maybe want to take a stab on getting the other document started based on your ponts from the email?

*1  &

1 reply 3 years ago

* Andrew Rambaut :116

41 ƴ Yes my feeling is you have to consider the cost benefit for every experiment. And do i t  safely. ,-+ z-> n

jynj Kristian Andersen 1147 February 2nd, 2020 ~

QB Reading through Rons comments again I agree on pretty much everything he's saying - 1 come to the same conclusions. Where we differ is that he's looking for very specific evidence proving that
tills Is unnatural (which is understandable), but except for the most simple scenario where somebody plugged a gene into a preexisting backbone, that woukJ simply be impossible to prove.

Natural selection and accidental release are both plausible scenarios explaining the data - and a priori should be equally weighed as possible explanations. The presence of furin a posteriori moves

me slightly more towards accidental release, but it’s well above my paygrade to call theshot i  on a final conclusion

a Andrew RambaiA 1 1 S3

1 ƴ Given the shit sbaw that would happen i f  anyone serious accused the Chinese of even accidental release, my feeling is we should say that given there is no e/idence of a specifically engineered

virus, we cannot possibly distinguish between natural evolution and escape so we arc content with ascribing i t  to natural precesses.

Kristian Andersen 11:56

ßfli Yup. I totally agree that that's a very reasonable conclusion. Although I hate when polices is injected into science - but it's impossible net to. especially given tile circumstances. We should be

sensitive to that, (plus none of this matters at the moment)

Separately - having all of these discussions is really critical to countering ALL the friggin' bullshit coming out and at the end cf the day. that's probably the most important things that'll come out of

this!

The latest being two novel viruses circulating... hrtps:/7www,biorxiv.(xj/contcnt/10.1101/2320.G1.30.920477vl

(I’m «farting to think that fnr outbreak research the hiqRviu really needs to ttart wroening submission? - it's a slippery slope, hut it's justified at  this stage)

Ǐj Ü paper-2020-nature_medicine-proximal_origin v

bk bioRxrv

Evolution and variation of 2019-novel coronavirus

Background: The current outbreak caused by revel coronavirus (2019-nCoV) in China
has become a worldwide concern. As of 28 January 2020, there were 4631

confirmed cases and 106 deaths, ard 11 countr ies or regions were affected.

Methods: We iowrioaded the genomes of 2019-nCoVs and similar isolates from the
Global Initiative on Sharing Avian Influenza Database (GlSAID and nucleotide
database of th« National Center for Riotuc hnology Information (NCBI). Laserguna 7.0

and MEGA 6.0 softwares were used to calculate generic distances of the sequences,

to construct phylogenetic trees, and to align amino acid sequences. Bayesian

coalescent phylogenetic analysis, implemented in the BEAST software package was

used to calculate the motecular clock related characteristics such as the nucleotide
substitution rate and the must recent conwriori ancestor (iMRCA) of 2019-nCoVs.

Results: An isolate numbered EPI\JSL\_403928 shewed different phylogenetic trees

and genetic distances of the whole length genome, the coding sequences (CDS] of
ployprcitein (Pj. spikn protein ($), and nurlnopmtoin (N) from nthor 201 9*nCoV?

There are 22. 4, 2 variations inP, S, and N al the level of amino acid residues. Pie

nudeotidc substitution rates from high to low are 1.05 x 10-2 (nucleotide

substitutions/site/year. with 9596 HPD interval being 6.27 x 10-4 to 2.72 x 10-2) for

N, 5.34 x 10-3 (5.10 x 104, 128 x 10-2) for S. 1.69 x lfr3 (3.94 x 10-4, 3.60 x 10-

3) for P. 1.65 " 10-3 (4.47 « 10-4, 324 x 10-3; for ttic whole genome, respectively.

th-» IP

REV0002903



At this nucleotide substitution rate, the most recent common ancestor (tMRCA) of
2019 ivCcA/s appeared about 0.253 0.594 year before the epidemic. Conclusion: Our

analysis suggests that at least two Afferent viral strains oi 2019-nCcV are invoved in
this outbreak that might occur a few months earlier before it was officially reported-

Show Imc

Jan 50th. 2D20

Robert Garry 1318

ƴ This new sequerce EF1_t5L_40392ö essentially has three consecutive mutations n what we would say is the fusion peptide, although that’s controversial."

Just saying- if I was going to do gain o1 function or tosi of function research I might mutate the fusion peptice (right after adding the fiarin site). So this is — at the very least going to pour gas on the

fire. Jeremy is absolutely right this needs to be discussed in the light of day. And. ASAP.

£ Andrew Rambaut : 325

EPI ISL 403928 was one ol the ones which originally had 50 SNPs which were sequencing errors. The lab then updated I t  (silently) and i t  is now coty 1 SNP different from other Wuhan ones.

This paper ic entirely an artefact of that

Robert Garry 1330

ƴ In the btoRiiv pdf they say; "When compared with the other 2019-nCdVs. E PI_I$L_4O3928 has four variations in S protein (T572I. G799V, F800C and N801K) and two variations in N protein
(A4142 and D415I)." I can totally buy that thats’s still an ar tfact.

Here fc the alignment of BalG13 vs nCoV.

PDF *

fl* LALIGN results Bat RatG13 vs nCoV .pdfm pdf

LALIGN

Ule «teil fee Mt KS <L MKFI.-I

|»>l(K< arHT| IV-r laM 111 » !�v» M.V

--------- -
�v* «»It» UHII *. �v••*. 44.I1MIU

These are wry similar Spike proteins except for Die RBD that looks like i t  was human adapted and the hsertion of the PRRA. tliat concerts the site to an optimal furin-like cleavage site and

potentially creates O-ünked glycan sites.

To convert an low p.ithogcricity avion flu v Io a high pathogenicity virus wh.it happens is the insertion of two arginines - Duan 2007.

2 files ’

fl* DUan2OO7LPAlvsHPAl.pdf
PDF

Alexander and 8rown.pdf
PDF

Aleander and Brown teach that: All the current evidence

indicates that HPAI viruses arise by mutation after

LPAI viruses of the H5  or H7 subtype have been

introduced into poultry. Several mechanisms maybe

responsible for this mutation. For most HPAI viruses, there

appears to have been spontaneous duplication of purine

triplets, whch results ii Ilse insertion of basic amino acids

at the HAO cleavage site, and this seems to occur due to a

transciption error by the polymerase complex (76)."

This is what Andrew stated last night -it can happen in poultry. But its and insertion of two amino acids not four at once.

H9 flu viruses optimize a mhimal furin cleavage site to an optimal one.

PDF ’

H9 and furinsite.pdf

PDF

[gjyi

ANcrvd Activation Mrchaniim of Avian I r Hurtin Yin« H9NJ by
Furin

e /å  u i

1343 H7  viruses appear to make new polybask furin like cleavage sites by recombining in longish Stretchs of nucleotides.

PDF ’

H7 recombination.pdf

PDF

Recombination Resulting in
Virulence Shift in Avian Influenza

Outbreak, Chile

A very good review by Drosten.

REV0002904



PDF ’

DRosten - source of CoVs.pdf
PDF

Hosts and Sources of Endemic
Human Coronaviruses

Vuior M. (otnurv , 0o><«n Moh‘ '. Menwytr",

Robert Garry 13:51

a New analysis: Some strains of murine hepatitis viruses have a super-optirnal furan-like cleavage site (with predicted O-liked jlycans). some just hare an optimal site and some have no si te at  all.
Just based on the spike phytogeny tins seems to have evolved with the spike protein mote or less but this is out of my wheetoouse. Not sure i f  spite evolution in MHV follows evctotion.iMCRA eic

of other proteins but all are relevant questions given the current issues being discussed IMO

Word Cocurrent *

February 2nd, 2020 -
Ml MHV spike evolution.docx

Ward Document

And a first took at the HKU-1 spike -is a close relative of MHV.

Word Document *

And a first took .it the HKU-1 spike -is a close relative of MHV.

Word Document ’
February 2nd. 2020 *

HKU-1 Spike.docx
Ward Documcrrt

Robert Carry 1350
ƴ Two pattens seen here (i think there is a third variant as well). There is an insert of three serines right next to the already super optimal furin ike cleavage betwee Si and S2. And, this creates

predicted o- linked glycans at and around the site. There is another mucin-like domain in 5iO0 the prefu>ion structure on thepdb batabase. diese presence c( this mucin I ike domain expains why

the authors were unsuccessful in determining the structure of the too of the trimer, but they didn't knew why.

Robert Garry 1407

ƴ Bottom line on a l  this analysis - mechanisms exist in flu as Andrew stated to make insertions at the juration where the two subunits are cleaved - enhancing virulence and human infectivity. CoV
apparently do this as well or potentially cam do this. This is an important message from this discussion and reed ta be talked about in light o1 the furin like cleavage site being noticed.

Robert Garry 1-4:14 February 2nd. 2020 «�v

ƴ I still don't know if the nCoV was the results of a deliberate manipulation or not. II nCov was not engineered then RatG13 or a very closely related Bat virus somehow ended up in a situation in

nature like the poultry farms for H5 etc. as Andrew stated. That's very scary and perMos engineered would be better - at least that can be regulated sc it doesn't happen again.

Robert Garry i-i:4Z

ƴ So.

Of nCoV develop’d that optimal furin cleavage site with the o- linked glycans (whch I now suspect are important because they are present elsewhere) then:

1. THe insertion mechanisms is different tan flu H5  in that it’s longer and doesht just involve purines.

2. The generation of the site is different than H7  and MHV because i t  involves an insertion, not just mutating existing codons.

3. the generation of the Turin site Is different than HV because the insertion Is a perfect 12 nucleotides, not a ratrar non-specihc recorröinaton.

Robert Garry u se

ƴ It would be important IMO to gel a estimate on the timing on how long ago the MHC mutations and the HKU-1 $55 insertion took place.

Kristian Andersen 15.04

HB Thanks Bob. these are really good points. Can you please share the sequences from your analysis or the alignment? I ll then take a closer look at overall divergence, etc. I looked at these yesterday,

hut I wasn‘t very successful at getting meaningful alignments.

As for the recent bioRriv paper - as Andrew stated, that can be ignored - the sequence is wrong and that’s where they’re getting their signal.

Robert Garry 1520

ƴ KHU’l

REV0002905
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»equence (6).txt

>lcl|DQ437619.1_prot_A8O96198.1_l [gene-S]  [protein-spike glycoprotein) [proteln_ld«A8096198.1] [ locat ion-1 .  .4871]  [gbkey-CDS]

MLLIIFIIPTTLAVI6DFNCTNFAINDKNTTVPRISEVWDVSYGL6TWILDRVYLNTTILFTGYFPKS

GANFRDLSLKGTTYLSTlWYQKPFLSOFNNGIFSRVKNTKlYVNKTLYSEFSTIVIGSVFINNSYTIWQ

PWtGVLEITACQYTMCEYPHTKKSKGSSRNESl*1FDKSEPtCLFKKNFTYNVSTCWLYFHFYQ€RGTFY

4W*0S3"PYTC L FSI.Y16TL LSHVYV1.PL TCNRTSSKYDNf T L0YWV?Pl$ YROYl LK FDNRGVTTNAV

MHV

sequence just s.txt •

1

>lcl|MF618252.1_prot_ATN37888.1_3 (prote in-sp ike  glycoprotein] [protein_id.ATN37888.1) ( locat ion.22728.  .26694] [gbkey.COS]

3 MLFVFILFLPSCLGYIGOFRCIQLVNSNGANVSAPSISTETVEVSQGLGTYYVLDRVYLNATLLLTGYYP

4 VDGSKFRNLALT6TNSVSISWFQPPYISQFNDGIFAKVQNIKTSTPSGATAYFPTIVI6SLFGYNSYTW

TF?v\nvT w J>< ’.-CCVTTCC. rvr« « rt.wrn'! *RVPTl NWA r 'X'vT‘.Fv<ye3

Here arc the clustal alignments for the entire spike proteins.

2Mes •

MHV clustalo-E20200202-150710... AB HKU-1  clustalo-E20200202-1705...
Plain Text Plain Text

mlJ Kristian Andersen i
KaH February 2nd. 2020 •
OT Thanks Bob - 111 take a look

a Andrew Rambaut 8 21

�v If you want to look here is a bunch of cleavage sites in high-path avian influenza H5  and H7.

Zip •

2 documents from H5N1  cleavage sites.geneious

IB zp

Kristian Andersen 18.34

Do we have any location information on the bat SARS-likc viruses? I’m reading through papers and I found this particular sentence from one of Shi's papers interesting - 'Interestingly, all the

SARSr-CoVs that are capable of using human ACE2 were found in R. sinicus in Yunnan Province”.

I believe RaTG13 is from Yunnan, which is about as far away from Wuhan as you can be and still be in China. What arc the chances of finding a viruses that arc 96% identical given that distance’

Seems strange given how many SARS-like viruses we have in bats (which is what Eddie has been telling us for a while...), fcdrted]

Andrew Rambaut 8 37

Ebola got from Middle Africa to West Africa in 10-20 years.

S
L 

}•
 

2L
 

J«
 S

 33
. !

Not that discussing it isn't fun.

Kristian Andersen 18 48

Agreed. However. I do think some of these points could be important - c.g.. would it be impossible to see a bat virus 96% identical that far away? Answer to that, no - we might expect that.

The main concern coming up reading through all these papers is the kind of stuff that is being done getting MERS-like viruses to infect humans, getting SARS-like viruses to cause disease in mice

and infect humans, etc. There's a very strong focus on the spike protein for all of that work.

But I do agree with you the mind can do amazing things and it's easy to get sucked in with confirmation bias.

One important thing I came across though - for the SARS GoF studies they created a reverse genetics system for their bat virus on a whim. So Ron's and Christian s argument (which I found to be

the strongest) about that not being feasible is not true • they were already creating those.

Andrew Rambaut

I think it would be good idea to lay out these arguments for limited dissemination. And quite frankly so we can learn from it even if it wasn't an escape • it easily could have F

Kristian Andersen 19:28 February 2nd. 2020 -

Yeah. I'm conflicted - 1 honestly don't know if any of this information is useful without having read all the various papers. Personally, it's useful for context but even though there's some strange

research going on here, there's no smoking gun. Not quite sure what such a gun would look like though.

Bob said it well though • I'd prefer this thing being a lab escape so we have less reason to believe other coronas might do this again in the future V .

What is useful is to summarize the main points considered and discussed. I'll get back on that document tomorrow • for now I still need to read more and also want to take a closer look at the

alignments. Bottom line is that we can't prove whether this is natural or escape - leaving it to others to make that decision, but hopefully we can ensure they're more informed.

Andrew Rambaut 9 31

I suggest we write this report erring on the side of extreme caution. Also I think the natural evolutionary story may be a interesting one as well. Then we can give all the curious coincidences and

dodgy goings on to Marc Lipsitch to have fun with.

Kristian Andersen 1 9 3 1

Agreed.

Andrew Rambaut 9 32

Ml �v If nothing else �v the fact that we are discussing this shows how plausible it is.

Kristian Andersen 19 33

And yeah �v would love to go down the natural selection rabbit hole "

And yes. all of this is highly useful and absolutely required - taking a very close look at the different scenarios. Gives some really good ammo to shoot down all the fringe theories and bad studies

going on as well.

Add reaction...

Kristian Andersen 18 37

Yup. that's true

Yup. that’s true
February 2nd. 2020

Andrew Rambaut 842

I personally think we should get away from all the strange coincidence stuff. I agree it smells really fishy but without a smoking gun it will not do us any good. The truth is never going to come out

(if escape is the truth). Would need to be irrefutable evidence. My position is that the natural evolution is entirely plausible and we will have to leave it at that. Lab passaging might also generate

this mutation but we have no evidence that that happened.

REV0002906
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Kristian Andersen »37 February 2nd. 2020 *

©Andrew Rambaut and ©Robert Garry take a look at this alignment while reading these three papers:

https://jvi.asm.ofg/content/carly/2020/01/23/JVI.00127-20
https://www.naturc.com/articles/s41S79-018-0118-9 (section on ’SARS-CoV mutations that affect human and civet receptor binding*)-

https://jvi.asm.Org/content/82/5/2274

This is very interesting • nCoV is loaded for binding human ACE2 receptor. Compared to the bats, 5/6 of the most critical contact residues are mutated in nCoV. Very interesting.

(key residues are marked "mutated' in Gencious for lack of a better category...) ted)

2Mcs •

flfl spike.alignment.fasta fl| spike.alignment.geneious
flfl Plaintext Zip

Kristian Andersen K>4<>

One additional point to this residue 472 in SARS (L) converts from L > F in tissue culture increasing binding and infection (last paper). It's an F in nCoV. but an L in the closely related bat viruses,

including RaTG13. However, other bat CoVs do also sometimes have F here.

Selection or passage, this is very interesting and adds to our understanding of why this is spreading like i t  is.

Kristian Andersen 22:25

Two homology models to accompany the structural stuff i f  you want to have a look.

Model 1 is based on 6acd.l.Aand Model 2 6acg.l.A i ted
February 2nd. 2020 -

2 Wes •

flfl model l.pdb H modcl2.pdb
flfl Plain Text flfl Rain Text

Kristian Andersen 22:35

One thing I find kinda funny here ƴ all of this work getting bat samples was supported by PREDICT. So if they're not able to predict the pandemics they themselves cause, then I'd say their program

is in pretty bad shape...

Sorry, had to get that off my chest. Pandemic preparedness indeed, fl

February 3rd. 2020 -

Andrew Rambaut <2:10

I was literally going to do this analysis today: https://twitter.com/trvrb/status/1224207999683547137

Thanks Trevor.

Eddie Holmes 2:24

Trevor, bless, has no idea about the functional properties of the mutations he is describing. Kristian, thanks for PREDICT stuff... I'll save that one for future use.

Andrew Rambaut 2.35

I guess all these mutations that enhance human infection start to make i t  really unlikely that i t  adapted in humans.

PREDICT - perhaps they had planned a press conference predicting which virus would cause the next pandemic but then i t  escaped from the lab early?

Eddie Holmes 0239 February 3rd. 2020 *

Jie Cui. who worked in the Wuhan lab and is on those papers, used to be my postdoc. He's now in Shanghai. I wonder if I can have a have a chat with him? Bottom line is that the Wuhan virus is

beautifully adapted to human transmission but we have no trace of that evolutionary history in nature. Correct?

Andrew Rambaut . -so

Yes. But we have decades of missing history.

Eddie Holmes c«l

Agreed. But it's exactly the evolutionary history you would want to make a human adapted virus so i t  would need to be in a species that would behave the same as humans. For the summary I just

think we need to lay out the features in the data and leave it open as to the cause. Just outline what needs to be explained and leave it like that. Irrespective of what the answer is. and will likely

never know, these are really important bits of biology.

This is what I told Kristian about the bat stuff: ’There arc bat bctaCoVs from Hubei but they fall into different clades and arc not from R. afhnis. The Wuhan group seem to sample almost

exclusively in Yunnan. Must have loads in their freezers. So. it that sense it's no surprise that their virus is from Yunnan. BUT. if natural, what must mean is that there is a betaCoV from a bat from
Hubei that is >96.5% similar to 2019 nCoV AND that there must be an intermediate host that is even closer still’. Again, may all be natural. But I am struck by how differently this virus is behaving

from SARS.

Andrew Rambaut 'ƴ ?

I just heard there are two papers coming out in Nature today that use the nCoV sequence to predict host. I guess one is Daniel Strieker's one using a machine learning nonsense. Not sure what the

other is (presumably not the snakes paper). I wonder if they both say bat or do they have something better?

Perhaps this stuff is something we should write a paper about to address this not-a bat thing. •

Andrew Rambaut * 43

Ha. Just got sent them (by media centre). One is yours Eddie. So not Daniels. And not really about hosts.

REV0002907
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Eddie Holme* 04:43 February 3rd. 2020 -

No. it's ours and the Wuhan Institute one. Ours is now embarrassingly out of date.

No way Daniel can get a paper into Nature saying that a bat-related coronavirus has a bat host. Surely?

Andrew Rambaut <451

No. It was just the way the media person said it - she said one of them was about the host species and had been on biorxiv. I only agreed to look at i t  because I was worried it was Daniels
nonsense.

Anyway. I don’t think I will comment on these. They are fine. Well done.

Eddie Holmes 0456

Wcifcng. who helps George, is writing a paper on these 2 new bat CoVs he has sequencing. Hugely keen to know how close these arc to 2019-nCoV but he has yet to toll me.

Or what mutations they have.

Andrew Rambaut w 9

Do you think we could write a paper on the 'pre -adaptation' of nCoV to humans. Could be an interesting example of how the Predict project is so flawed.

I guess they would just say we need to do even more sequencing to find these viruses.

Eddie Holmes c 5.-05

When the dust has settled a bit yes. Jon Cohen is sniffing around. Not about the lab stuff but about all the cover-ups and who know what when. Very vexed that the market was cleared. So am I -

that just smells bloody weird.

Eddie Holmes

Confidentially, just got this from Weifeng. Ones in red. Also Yunnan. Haven't got seqs but can assume they have bat motifs.

2Hcs •

Simplot-0203.pdf RAxML_bipartitions.aln_SD01_BGI...
Co PDF Ul PDF

Robert Garry

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6070550/

») PubMed Central (PMC)

Evolution of high pathogenicity of H5  avian influenza virus: haemagglutinin cleavage

site selection of reverse-genetics mutants during passage in chickens

Low pathogenicity avian influenza viruses (LPAIVs) arc generally asymptomatic in

their natural avian hosts. LPAIVs can evolve into highly pathogenic forms, which can

affect avian and human populations with devastating consequences. The switch to

highly ...

The major hangup I have is the polybasic cleavahe site.

Clearly it can arise in Flu v Ha. but it's not really a "natural" process. H5. which is the one with the insertof the arginines required transmission from waterfowl to commercial poultry. In other words

it dis not occur in nature but only in a situation where intense transmission.

"The stability of the short motif suggests that pathogenicity switching may require specific conditions of intense selection pressure (such as with high host density) to boost selection of the initial

mid-length HACS forms."

Andrew Rambaut <901

I agree. But for selection to work i t  needs variation. I.e.. i t  needs the mutation to be thrown up occasionally so that i t  can be selected for.

Robert Garry 11

Yes indeed.

Contributing to my hangup.

Its not two basic amino acids it’s three plus the proline.

and it's a perfect 12 base insertion - no mutations at all in the rest of S2 \.

So this major variation occurred without any other changes anywhere close til you go upstream to the RBD (nice work K on the modding!).

For this to have occurred in nature you have to posit the existance of a Bat virus that is exactly like RatG13 and nCov in all of 52 except that i t  has some variant of the polybasic cleavage domain.

Robert Garry .25

Of course the hypothetical virus with the optimal furin-like site also had to evolve a near perfect RDB that was as K put it was "lock and loaded" to bind to human ACE.

Kristian Andersen 1013

I have some more analyses to look at later today. Going to take a look at what happened to SARS as it spread in humans vs what happened to it before. Preliminary, it seems like all contact residues
arc already mutated in nCoV. but many/most of the others that changed in humans during the SARS epidemic are not. Not totally sure what to make of it but that's both consistent with passage

and selection - but it probably tells us that we didn't have a bunch of missing chains in humans where it could have picked up the ACE2 mutations.

As to Trevor's analysis. I looked at similar things a few days ago and saw the same - and got to the same conclusion as this:

https://twitter.com/trvrb/status/12242081005900963847s-21

But the I realized, actually no. not necessarily - unless it's highly obvious engineering those types of analyses are no way near powered to detect a signal. Same for just looking at trees.

Robert Garry 1015

The full-length genome sequences had 99.8% homology to the human SCoV. which indicates that the human and animal SCoV-like viruses were closely related.

https://science.sciencemag.org/content/302/5643/276

Science

Isolation and Characterization of Viruses Related to the SARS Coronavirus from

Animals in Southern China

A novel coronavirus (SCoV) Is the etiological agent of severe acute respiratory

syndrome (SARS). SCoV-like viruses were isolated from Himalayan palm civets found
in a live animal market in Guangdong. China. Evidence of virus infection was also

detected in other animals (including a raccoon dog. Nyctereutes procyonoides ) and

in humans working at the same market. All the animal isolates retain a 29-nucleotide

sequence that is not found in most human isolates. The detection of SCoV-like

viruses in small, live wiki mammals in a retail market indicates a route of interspecies

transmission, although the natural reservoir is not known.

Oct 10th 2003
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Robert Garry 102 FW.yM.M20-
ƴ In the case of sars the isolation <X a very close progenitor virus from three palm civets, a raccoon dog. <md a Chinese ferret badger tidppened quickly . A similar virus was circulating amongst several

animals in the wild - or they all got infected at the market,

Robert Garry 1027

ƴ http5- l /journals.plos,org/plospathogens/article?id ;’10.1371qournal.ppat.l006698 i think this is the paper ycu want

iournsls.plos.org

Discovery of a rich gene pool of bat SARS- related coronaviruses provides new

insights into the origin of SARS coronavirus

Author summary Increasing evidence has been gathered to support the hat origin of

SARS coronavirus (SARS-CoV) in the past decade. However, nene of the currently
known bat SARSr-CoVs is thought to be the direct ancestor of SARS-CoV. Herein, we

report the identification of a diverse group of bat SARSr-CoVs in a single cave in
Yunnan, China Importantly, all of the building blocks of SARS-CoV genome, including

the highly variable $ gene, ORFÖ and ORF3. could be found in the genomes of

different SARSr-CoV strains from ths single location Based on the analysis of full-
length genome sequences of the newly identified bat SARSr-CoVs. we speculate that

the direct ancestor of SARS-CoV may have arise. .. Show more

* 1». . ,, - . February 3rd. 2020 *Kristian Andersen lo.Ji

r - Yeah. SARS seemed to have a significantly more widespread reservoir ƴ later on in the epidemic, additional spillovers also occurred. That may still be the case with nCoV too. since it’s a little early to

tell ƴ no additional spilovers into humans for now though.

Interestingly, in Use structure paper on nCoV from Bart, they look at compaliWlitY of the ACE2 inter acting mutations with a set ol potential intermediate) liost species - rats mice, and civets are

cut, and probably bats too. Ferrets is a maybe.

I think i t  might be Heb though/

B u e o i
Robert Garry 10.40

ƴ “I'm pretty iure by now they think I'm a complete crackpot."

I think w&'rt dieproving thkhypotlitrck. Lott of rod flag», and no i i  wont be poc&ihto to prov* "natural" tran&miccion until you find wvoral dourly rctalud aninul viruses (>99%). I pretty «uro v.wro not

going to find the progenitor i n  humans.

Obviously not possible to prove escape.

Robert Garry 1050

ƴ Transmitting a bet virus likeRatG13 i n  HeLa cells and then asking your graduate student to insert a fum site (she would have had to betaken literally not change 4 amino acids but literally insert 4)

would get you there. It's not crackpot to suggest this could have happened given the GoF research we know is happening.

Robert Garry 1058

ƴ For me proving »natural" evolution of tlnj furin aitc would require finding some animal CoV with a highly simlar (identical) S2ond tome version of the furin site insert - preferslly at least a minimal

cleavage site R-X-X-R.

Kristian Andersen 1151

SoB Yeah, Agreed on all accounts. I think we can't prove either way, we can only lay out what we l»ave learned about the virus and its evolution. Making the decision on what seems to be the most likely

scenario would have to be done by otticrs - wo just need to lay otit the science. And bey. is this virus intcresnng!

Robert Garry 13:53

ƴ flttpsiVwww.globaltlmcs.crvcontent/ 1 1 78363.shtml

@ globaltimes.cn

Not possible novel coronavirus engineered in Sab: experts

The claim that the rovel coronavirus was engineered in a lab has been refuted

(350 kB) •

"f—

tittp&.t' www.forbes.ccm/sites/vlctoriafor stcr/2020/02/02/no-coionavirus - was-nut pecesof-hivin-it/Ä3c291bec56cb

http. Z?global.chinadaily.com.cn/a. l 2O2CO2/C2/WS5c36b2b7a31012821727432cbtrrl

C global.chinadaily.com.cn

Coronavirus conspiracy debunked by Wuhan researcher ƴ Chinadaily.com.cn

A scientist from the Wuhan Institute of Virology of the Chinese Academy of Sciences

has debunked a recent conspiracy which claimed the novel coronavirus was
manufactured and escaped from the institute's most advanced bioccntainment facility.

(71 kB) -

4 Latest mcsiaKCi
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Kristian Andersen 13:58 February 3rd. 2020 *

It's amazing that we actually have to counter the complete crackpot theory of HIV / SARS mutant viruses...

Robert Garry : . 59

Shi Zhengli. a researcher from the institute, said on her social media on Sunday the virus was the result of ’nature punishing the uncivilized habits and customs of humans' and she is willing to -bet

my life that [the outbreak] has nothing to do with the lab."

Here’s a quote from inside the WIV.

I infer from this that Zhengli believes that humans eating wild beasts is what lead to the current outbreak.

True that the nCoV-HIV paper is just 'complete crackpot.”

However. I do think that the credible scientists quoted are perhaps overstating. No. not possible to go from SARS CoV to nCov by design.

Possible to go from RatGl 3 or another 96% or better virus to something like nCoV • yes.

Eddie Holmes
I am disturbed by the fact that they cleared the fish market so quickly. Surely, you'd at least take a sample from every animal in sight? And then they release these vague environmental sampling*

results. What does that mean? At the very least a bloody big cock-up.

Robert Garry 14:29

Agreed ƴ they found the 99.8% viruses in the animal market.

Big bloody cock-up for for sure ƴ destroyed any chance of finding the intermediate animal or animals if they exist at all. You have to wonder what the WIV scientists were advising their government

I'd have been screaming loudly to let me get in and sample everything with a lung.

And apparently at least one WIV scientist Zhengli believes that humans eating wild beasts is what lead to the current outbreak.

Robert Garry 14:41 February 3rd. 2020 -

And. precluding asking the question whether or not the market the type of environment were you could have had the intense selective pressure required to generate an optimal furin cleavage site.

Robert Garry K48

Note to self: coronaviruses S2 have one or two zinc binding domains following the TM domain just like arenaviruses (except rcptarenavirus who stole their GP from filoviruses).

Eddie Holmes : 5:35

No way the selection could occur in the market. Too low a density of mammals: really just small groups of 3-4 in cases.

Robert Garry 1618

That is what I thought as well, which begs the question where would you get intense enough transmission (like the poultry farms for H5) to generate and pass on the furin site insertion?

Andrew Rambaut

That is the million dollar question.

Although i t  may not be the same dynamic as poultry. It may just be an animal where the virus behaves very similarly to how i t  does in humans. Ferrets?

Kristian Andersen 17 26

I could believe ferrets. Baric's paper also suggest that the ACE2 mutations might be compatible with ferrets

Robert Garry 32

https://cn.wikipcdia.org/wiki/Chincse_ferrct-badger
reoruary aro. zuzu *

W Wikipedia

Chinese ferret-badger

The Chinese ferret-badger (Melogale moschata). also known as the small-toothed

ferret-badger is a member of the Mustelidae. and widely distributed in Southeast

Asia. It is listed as Least Concern on the IUCN Red List and considered tolerant of
modified habitat.The Chinese ferret-badger is densely distributed mainly across areas

of Central to Southern China.

Andrew Rambaut 17 33

https://cn.wikipcdia.org/wiki/Huanan_Scafood.Wholcsalc.Markct

W Wikipedia

Huanan Seafood Wholesale Market

The Huanan Seafood Wholesale Market (Chinese: also known

as the Huanan Seafood Market is a live animal and seafood market in Jianghan District.

Wuhan. Hubei province. China. The market gained media attention after the World

Health Organization was notified on 31 December 2019 of an outbreak of pneumonia

in Wuhan. Of the initial 41  people hospitalised with pneumonia who were identified as

having laboratory-confirmed 2019-nCoV infection by 2 January 2020. two-thirds had

been exposed to the market. The market was closed on 1 January 2020 for sanitary

procedures and disinfection. 33 out of 585 animal specimens taken from the market

showed evidence of 2019-nCoV.

Robert Garry 34

According to theirt wiki arc in southern China and hunted for their pelts. Test these people to sec if they have antibodies.

Andrew Rambaut 7 34

Badger is a mustelid.

Robert Garry 17:39

'33 out of 585 animal specimens taken from the market showed evidence of 2019-nCoV Does anyone know what evidence - i f  sequence it should be out by now.

REV0002910



Andrew Rambaut 7:39

Runny noses?

(ST) ts?

Robert Garry

Could be * ferrets with the flu lock "just" like humans with the flu

https-.,'/www.nature.com/articlcs.''425915a"Serological and virological studies haw ind cated that Chinese ferret badgers (MtfogaJe mosdrotal, masked palm civets {ftiguma torvata) and raccoon dogs
(N//cfcrcwtcj proc/oixwfcs) can be infected with a virus that is very similar to SCV (ref. 3|. Domestic cuts living in the Amoy Gardens apartment block in Hong Kong, where more than 100 residents

contracted SARS last year, were also found to be infected with SCV."

Nature

SARS virus infection of  cats and ferrets

There is now a choice of animal models for testing therapies against the human virus.

Nature

SARS virus infection of cats and ferrets

There is now a choice of animal models for testing therapies against the human virus.

Kristian Andersen 17:46

Baric has this interesting table with the contact residues for the various species. I need to look at compatibility of nCoV

Screen »not ZO2O-O2-O3 at 14.40.1 i.png *

Robert Garry 11

This is what that interaction with sars v rbd looks like.

mage.png Ƹ February 3rd. 2020 *

THe yellow spheres are ACE 31. 53, 38. 82 and 353.

THe red spheres arc SARS V 472. 479 and 487

the pdb is 2AJF.

PossiWc to model in nCoV - worth doing.

Kristian Andersen i

Yeah. I'd be interested in seeing nCoV and RaTG13 binding toACE2 from e.g. humans and bats. Might get to i l  later in the week definitely a fair bit of work to do...

Eddie Holmes 8;29
The wiki into is wrong! believe. According to the official news agency report in English & Chinese i t  33 environmental samples that tested positive, not animals. All were from one particular part of

the market. Hard to know quite what this means.

Robert Garry . 32

httpszYscieftc:e.sciencemag.org/content7sci/309/5742/ 1864. full, pdf

(ST) &

This has another binding table.

Robert Garry 1840

Not testing the animals is definitely a crime against science.il not humanity.

REV000291 1


































































































































































































































































