On some unpublished early SARS-CoV-2 sequences

@Babarlelephant @Engineer2The @DrinkwaterbReed @Franciscodeasis

June 2022

Abstract

The origin of SARS-CoV-2 is still unknown: the chain of events that brought a virus whose
close relatives are found in Rhinolophus bats in the Yunnan province and in Laos [18, 19] to
the Huanan seafood market in Wuhan in early December 2019 remains to be elucidated. In
particular, the non-market patients and the genetically more ancestral Lineage A remain
mysterious.

A retrospective analysis identified 174 patients with onset in December [3a, 10], among
them only 15 have been sequenced and published, often multiple times [3b, 11].

By collating as much data as possible on early cases — research papers, sequence
databases, news articles, social media posts — we found some data on 65 patients with
onset in December 2019 N ° Furthermore, we detected two patients who had been
sequenced, but whose sequences were never uploaded to a public database and whose raw
reads, although published [1], were not reanalyzed.

We also present some information on the first Beijing patient, who had an onset date of
December 17, 2019 and was related to the Huanan market outbreak.

Using the collated information, significant progress has been made towards solving the

discrepancies in the early sequences. A phylogeny of 19 early patients is presented, based
on onset dates, as well as several tMRCA estimates — falling in late November.

Main text

Table of early sequences

Data was gathered from multiple sources and metadata on the sequences of Covid-19 cases with onset date in
December 2019 are presented in Table 1 below.

As in [11] the patients’ identifiers consist of their age and sex, followed by a number in case of duplication.

Age&Sex | Onset Admission / Sequence names
hospital
21F 2019-12-26 2019-12-28 WHO03

Zhongnan then Jinyintan WHUO02




32Mm 2019-12-19 2019-12-29 WIV02
Jinyintan HBCDC-HB-02/2019
HBCDC-HB-04/2019 (low quality)
IVDC-HB-GX02
IVDC-HB-05 Nete 10
WH19008
IME-WH03 Nete 9
39M1 2019-12-20 2019-12-25 WHUO01
Zhongnan then Jinyintan
39M2 2019-12-27 ? WHO04
PLA
40M1 2019-12-17 2019-12-27 WH19003
Integrated N° & then
Jinyintan
40M2 2019-12-22 2019-12-28 WIV06
Integrated Note 8 4 0 WH19010 (low quality)
Jinyintan IME-WHo2 Not© ®
41M1 2019-12-16 2019-12-22 IPBCAMS-WH-03 Note 12
Jiangxia then" Beijing Boao report leaked on Wechat
Central (Nanjing) (unpublished)
then Jinyintan
41M2 2019-12-20 2019-12-26 Wuhan-Hu-1
Central (Houhu) then Jinyintan
41M3 2019-12-23 2019-12-29 WH19053
Tongji then Jinyintan
43M unclear unclear Note 7 WHO02
44M 2019-12-17 2019-12-24 WHO01
Tongji then Jinyintan
49F 2019-12-23 2019-12-27 WIV04
Integrated Note 8 o WH19001 (cultured as WH19005)
Jinyintan IVDC-HB-01
IPBCAMS-WH-02
HBCDC-HB-01/2019
HBCDC-HB-03/2019
51M 2019-12-17 2019-12-27 Beijing-01

travel to Beijing
the same day

Beijing 5th PLA




52F 2019-12-22 2019-12-29 WIV05
Integrated N°® & then IME-WHO5
Jinyintan WH19002
IPBCAMS-WH-04 Note 12
53F 2019-12-25 2019-12-31 WH19016
likely Jinyintan
56M 2019-12-20 2019-12-30 WIV07
Jinyintan IME-WHO04
WH19012 (low quality)
61M 2019-12-20 2019-12-27 IVDC-HB-04
Puren then Jinyintan WH19004
(died 2020-01-09) IPBCAMS-WH-05 N°te 12
62M 2019-12-12 2019-12-27 Note ™ IME-WH01 Note 12
Integrated N°'® & then
Jinyintan
65M 2019-12-13 2019-12-18 IPBCAMS-WH-01 Note 16
Central (Nanjing) then Tongji
then Jinyintan
(may have died on
2020-01-30)
57F 2019-12-11 2019-12-18 Huanan environmental sequence IVDC-HBF54
Union
? ? no matched patient, no Huanan environmental sequences A20, A18, A2
information from a single stall [16]
? ? I Environmental sequences F13 and B5

Table 1 - matching between patients and early sequences

All the sequences are lineage B with the exception of 62M and 39M2 and the environmental sample A20.
All the lineage B patients are linked to the Huanan market with the exception of 41M1, who lived 30km
south of the market.

Those linked to the market are workers, with the exception of 41M2, 41M3, 61M who are frequent shoppers,
21F who had close contact with a vendor, 51M who was a pharmacist near the entrance of the market, and
53F who was married to 61M.

It is important to note that none of the workers were found to be linked with wildlife trade and game food,
which are known to be present in the Huanan market in late 2019 [21, 8] although at a much smaller scale
than in Guangdong markets.

The Huanan market environmental sequences were collected on January 1.

Several other low quality and unpublished environmental sequences [7,16] aren’t included in the table.



The sequences WH19002 Nt 15 \WH19003 WH19010 WH19012 WH19016 WH19053 were assembled from the raw
reads provided in [1b] since they were not published in public repositories.

In the process of consolidating data, it was found that two early patients had been sequenced, but their sequences
have not been shared publicly so far.

- 53F is the wife of a 61 year-old man who was the first patient to die on January 9 and who had a liver
condition [2, 6]. This couple " 'is mentioned in [4a] and among the 15 early patients previously known to be
sequenced no-one was found to be a plausible match.N°*¢2

- Multiple lines of evidence allow us to match WH19003 with 40M1 N4 a Huanan market seller who worked

at the same stall as 32M [4a].

sample name WH19016 (nCoV7) [1] [1]
age & sex 53 F [1, 6]
onset 2019-12-25 [1a, 4, 5]
link to Huanan market wife of 61M who was a frequent shopper at Huanan [1, 4,5, 6]
admission Dec 31 [4a]
hospital likely Jinyintan [6]
collection date 2020-01-01 [1c]
severity mild pneumonia, recovered [1a, 6a]
mutation (wrt Hu-1) 3059 ambiguous sites
sample name WH19003 (nCoV3) [1] [1]
age & sex 40M [1, 6]
onset 2019-12-17 [1a, 4, 5, 12a]
link to Huanan market worker, same stall as 32M [4a, 5]
admission 2019-12-27 [4a, 12a]
hospital Integrated, then Jinyintan. [12a, 22]
collection date 2020-12-30 [1c]
severity severe pneumonia [1a, 12a, 6a]
mutation (wrt Hu-1) A24325G

3942 ambiguous sites

Table 2 - main informations on two unpublished sequences

53F was infected by 61M

Contact tracing and onset dates make it clear that 53F was infected by her husband 61M and this is consistent with
the consensus genome of the two patients, both identical to Wuhan-Hu-1.



Possible transmission from 40M1 to 32M

32M and 40M1 worked in the same stall [4a] and their consensus genomes are identical, with one mutation
A24325G. 40M1 had symptom onset two days earlier than 32M and both were severe according to [12a]. It is thus
possible that 40M1 infected his colleague. However, contamination of 40M1 by 32M or contamination of both by a
third unsequenced patient cannot be excluded.

A third unpublished patient

The same paper [1] may include a third unpublished sequence and patient. Our inference is that WH19053
corresponds to 41M3. N5 This inference is based on careful analysis of the available data, but may be
reevaluated when additional clarifying data becomes available. No*¢ '3

The first case in Beijing

We found that the sequence Beijing-01, collected on January 3 and published on GISAID in August 2020, matches
with a Chinese thesis [20] which reveals that the patient was a pharmacist near the entrance of the Huanan market,
who had an onset of symptoms on December 17 and traveled to Beijing on the same day, were he was eventually
hospitalized on December 27.

This patient, who had a pre-existing HIV and hepatitis B condition, was then diagnosed with novel coronavirus
pneumonia combined with type | respiratory failure on January 4, 2020. This is surprising because officially the first
case in Beijing was not announced before January 20, 2020.

Missing data and confusion in the WHO report

The WHO report [3b] includes a very useful deduplication table. We discovered that six sequenced early patients
are missing:

- 53F,

- 40M1,

- 41M3 (the WH19053 sequence should have been included in the table even if it happened to correspond
instead to either 41M1 or 41M2),

- 51M, collection date on January 3,

- 49M2, collection date on January 5,

- 43M (lower quality genome, we reassembled a sequence with no mutation and 12045 N from [14]).

There are also several errors in the table:

- S01 corresponds to 41M1 — not linked to the market — and the ambiguity of his onset date (Dec 16 instead of
Dec 8) has been discussed before. Note 3 The WHO table gives IPBCAMS-WH-05 for the sequence whereas
its Gisaid metadata corresponds to 61M.

- We assume that the Gisaid metadata is correct, so that IPBCAMS-WH-03 IPBCAMS-WH-04
IPBCAMS-WH-05 are misplaced in the WHO table.

- Based on the mutations there is a mix-up between IME-WHO02 and IME-WHO03, which correspond to WIV02
and WIV06 respectively.

- The onset date of 62M is disputed [12a] but it certainly can not be claimed to be the day of admission and
diagnosis of pneumonia [24a, 22].



Phylogeny of early patients

Our investigation yielded 37 exploitable sequences from 19 patients (Table 1) represented in the following tree
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Figure 1 - Tree of the 37 genomes from 19 patients link

A consensus genome for each patient was then obtained by adding a mutation with respect to Wuhan-Hu-1 only if it
appeared in at least half of the patient’s genomes.

There is not enough temporal signal to reliably estimate the clockrate just from the early sequences. So all our

timetrees used a fixed clockrate of 0.0008 subs/site/year (eg. 2 mutations per month) which is the rate observed
during the year of 2020 Not© 20,

MRCA in late November

We made a tree of these 19 consensus genomes with Igtree2+Treetime, using the onset dates for the tip dates. We
included the putative recombinant bat virus from [13a] as an outgroup which makes the lineage A genetically
ancestral (see Supplementary Data - on ancestrality of A for a discussion).

The MRCA was then estimated to be in late November.

° 5F

23

0.00680

Figure 2 - Tree of the 19 consensus sequences obtained for each patient, dated with onset dates and rooted by
adding the putative recombinant bat virus from [13a] link


https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/37-early-sequences.json
https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/19-early-Patients-Treetime.json

With the same dataset, BEAST bayesian skygrid HKY 0.0008 subs/year/site gave an MRCA in late November
(confidence interval 10-29, 12-06) and early December for the lineage B (11-26, 12-11).
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Figure 3 - BEAST skygrid HKY 0.0008 subs/site/year (ESS > 500) link

Dengty

The MRCA dating stayed roughly the same when 62M’s onset date was changed to December 24. Note 11

As expected, the early sequences alone do not imply a narrow interval for the tMRCA.

The onset curves gathered from several retrospective studies (see [10]) are clearly not in favor of an MRCA before
November 2019.

The MRCA stayed roughly the same on November 26 (10-30, 12-09) when we added 162 January sequences —
randomly selected among those with less than 7 mutations, less than 3000 N and either CT or TC at the lineage A/B

defining sites 8782/28144, Note 1718

Of note, in table S2 [14] some mean tMRCA are shown, going from December 4 to December 13 depending on the
phylogenetic model.

Based on the data shown here and the onset curves in [10] (mostly severe cases) we believe that it is more
reasonable to propose a MRCA in late November.


https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/early-Patients-BEAST-skygrid50-HKY-withRecombinantBatVirus.json
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Figure 4 - BEAST skygrid HKY 0.0008 subs/site/year (ESS > 200) link

For all of these 162 January sequences we decreased the collection date by 6 days to avoid a large drop in tip
dates between our 19 early patients and the January sequences, to fit with the idea of a phylogeny by onsets, and
to take in account that we used a dataset curated for many sequencing errors.

In the dataset, 62 sequences are lineage A and 119 are lineage B.

We got similar estimates when using the coalescent exponential population prior, instead of the coalescent skygrid:
November 25 (Nov 13, Dec 5). In this experiment we had removed the putative recombinant bat virus, as the
ancestral bat lineages do not follow the exponential growth model.

Taking in account the onset curve

We attempted to write a BEAST2 package (which reduced to 10 lines of java code — link) to take into account the
onset curve from [23] as some kind of prior on the population sizes, which indirectly impacts the calculation of the
likelihood of the tree and its tMRCA.

We chose to modify the likelihood calculation of the coalescent exponential population model in BEAST2, adding
the log-likelihood of the onset curve given the effective population sizes generated by the exponential growth model.

Some fixed parameters were needed:
- the generation time, to convert the effective population sizes into number of infectees, was set to 5 days as
in [24],
- the ascertainment rate, linking the onset curve with the total number of infections, was set to 0.15 as in [13].


https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/182-sequences-BEAST-skyrid50-HKY-withRecombinantBatVirus-and-January-sequences.json
https://github.com/babarlelephant/onEarlySequences/blob/main/modifiedExponentialCoalescent.java

The putative recombinant bat virus in these experiments was not included, as the ancestral bat lineages do not fit
the exponential growth model. We used the onset curve from [23] from December 1 to January 11, removing the
December 2 case (see p.46 of [3]) and moving the December 8 case to December 16.

Running BEASTZ2 with this modified model, the tMRCA was found to be on November 18 (11-11, 11-25). As we
expected, the confidence interval was narrower when the observed onset curve was used to inform the parameters
of the exponential model.
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Figure 5 - BEASTZ2 exponential growth HKY 0.0008/subs/site/year
and likelihood of the onset curve (ESS > 200) link

Finally we ran the same analysis after moving the onset date of 62M to Dec 15 and masking his T4946C mutation,
we obtained the same tMRCA on November 18 (Nov 13, Nov 24) - link.

The 37 early sequences don't give rise to well-supported lineages

Next, we wondered whether some of the mutations found in the 37 early sequences were supported by lineages
sampled later.


https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/181-sequences-BEAST-exponential-plusOnsetCurveLikelihood-HKY-withoutRecombinantBatVirus.json
https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/181-sequences-62M-without-T4946C-BEAST-exponential-plusOnsetCurveLikelihood-HKY-withoutRecombinantBatVirus.json

- T13270C (found in 51M, Beijing-01) is found in 4 sequences collected in late January and early February,
from Shanghai and Zhejiang. But all of them have 3 additional mutations (C3885A, C12778T, G29449T) and
two late January Shanghai sequences have C3885A, G29449T but lack T13270C, so the picture is unclear.

- C28253T (found in IVDC-HB-04 but not in the consensus of 61M) is found in two late January Wuhan
sequences, three C8782 C28144 late January sequences from Beijing and Sichuan, as well as in two
February sequences from Henan and Singapore.

- T6996C is found in one late January Guangdong sequence having 4 additional mutations, including
C17373T which defines a well-supported lineage.

Overall the early patient sequences lack some well-supported descendance, which is indeed surprising.

Discussion and Conclusion

We note that among the sequenced early patients:
- 39M2 had the latest onset whereas his genome is the most ancestral.

- the genetic diversity of lineage B patients (all but one linked to the market) is very low, which suggests a
recent introduction in the market followed by exponential growth.

Spread of lineage A in December is confirmed by several exports from Wuhan in early and mid-January (to
Guangdong, Sichuan, Yunnan, Chongging, USA, Fujian, Jiangxi, Zhejiang, Shandong, Thailand, South Korea,
Vietnam, Taiwan) accounting for approximately one third of the sequenced cases.

Therefore, it appears that lineage A — more generally the non-market patients — were under-sequenced during the
early days of the epidemic, which makes any strong conclusion on the origins hard to reach.

Although the analysis in [8] and the early sequences are consistent with the hypothesis that lineage B originated at
the Huanan seafood market, lineage A remains mysterious. Overall, the spread of SARS-CoV-2 outside of the
market stays poorly understood.

- Iflineage A was confirmed not to be associated with the Huanan market, then it would weaken the
hypothesis that the virus was the result of a spillover at the Huanan market as proposed in [8].

- We note that A20, a lineage A environmental sequence from the Huanan market, was recently announced in
[7], but it remains to be seen if the other two environmental samples from the same stall [17] confirm this
finding or suggest otherwise. In [7] among the 9 Huanan environmental samples that can be typed (all
collected on January 1) 8 are lineage B and 1 is lineage A. Even if A20 is confirmed, under the assumption
that lineage A originated at the market, the number of lineage A samples found at the market is smaller than
expected when compared to our assumption that lineage A represented about 1/3 of the early cases. N °

- Iflineage A was finally found to be associated with the market then the MRCA of the whole SARS-CoV-2
tree would logically be located in the market.

Therefore, we believe that sequencing more early patients should be the top priority as some crucial questions
remain unanswered.



Understanding the origins of SARS-CoV-2 is a question of understanding the context — location, host, date — of the
common ancestor of lineage A and B, which is unfortunately not possible with the currently available data.

Supplementary Data

Methods

Each BAM was trimmed with iVar default params, except WH01 and WHO02 from [14] (merging several DNBSEQ
runs) which were trimmed with fastp (after increasing the maximum number of N to 12 in the options).

The consensus genome for each BAM from [1b] was then obtained with
samtools consensus -m simple
--use-qual --min-MQ 10 --call-fract 0.75 -a
--min-depth 10 --show-ins no --show-del yes
For WH19016 the minimum depth was decreased to 5.

Then the reads were manually inspected (see manual curation) setting more sites to N for one of the runs
(WH19003 40M1) to obtain a final consensus - link

The WHO02 sequence we reassembled from [14] contained 12045 N and no mutation. The WHO1 sequence had 787
N and didn’t contain the two mutations C6968A T11764A of the Gisaid WHO01 sequence — we decided to replace the
Gisaid sequence by this new assembly identical to Hu-1.

Other curations were made in the Gisaid sequences, for example IPBCAMS-WH-02 is identical to Hu-1 with the
exception of 6 mutations at neighboring sites 104,111,112,119,120, 124 that we chose to mask.

The WHO report reanalyzed several of the early sequences and found that the three mutations of IPBCAMS-WH-01
were not supported by the raw reads (which are not publicly available). We therefore chose to mask these three
mutations in this genome. The same was achieved for:

- two mutations of WIV05 (G7016A and A21137G, in the raw reads available on ncbi, 3 reads cover the site
7016 (A;2,G:1) and two cover the site 21137 (A:3))

- one of the two mutations of WIV07 (A8001C, this site is not covered by the raw reads available on ncbi, in
contrast to the other mutation C9534T which is well-supported (T:16,C:1))
We also masked the first and last 100 sites in each sequence.
Not included in the trees:

- The low quality sequences: WH19010, WH19012, HBCDC-HB-04/2019.
- W19005, cultured from WH19001.


https://github.com/babarlelephant/onEarlySequences/blob/main/all.fasta

- The low-quality environmental sequence IVDC-HBF54 from the stall of 57F (onset Dec 11) which has yet to
be sequenced otherwise. That environmental sequence may have been improved and would now be
identical to Hu-1 according to [7].

- A20, A2, A18, three environmental sequences from a single stall, A20 is lineage A, but the genomes have
not yet been published [7, 16].

The coverage in the raw reads from [1b] is variable

reads coverage
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Manual curation of WH19003 (patient 40M1)

Some likely artifactual variants/mutations were found:

A18763T (A:15,T:70)
T18768C (T:17,C:167,G:1)

These mutations are clustered and appear only at the beginning of reads — which are preceded by a coverage drop.
This fits better with a problem of primer/amplification than with intra-host variants.



18 720 bp 18 740 bp 18 760 bp 18 780 bp 18 800 bp 18 820 bp 18 840 bp
| | | | | | | | |

p-159

On the other hand C20703T looks like a real intra-host variant, masked with a N.

20 600 bp 20 700 bp 20 800 bp
| | | | |

p-52q

Likely artifactual, clustered and appearing only at the end of the reads:
T24870C (T:155,C:854)
G24872C (G:149,C:580,A:1)
T24873A (T:147,A:571,G:1,C:1)

The same for T18974A (A:107,T:23,C:1).

Confidence in the ancestrality of A

It has been claimed in [13] that the topology of the early SARS-CoV-2 tree, with two large polytomies separated by
two mutations, was rather unlikely assuming only one introduction (or spillover).

If we assume that this oddity occurred, then the question remains if A is really ancestral or if it descends from B.
A naive computation is able to give part of the answer:

About 1.65% of the mutations observed in the global subsampled SARS-CoV-2 tree available at
https://nextstrain.org/ncov/gisaid/global/all-time are indeed reversions to bat viruses (we mean the proportion of


https://nextstrain.org/ncov/gisaid/global/all-time

mutations from the base of Hu-1 to a base conserved in RpYN06, RaTG13, BANAL-52, among all the unique
mutations from the base of Hu-1 appearing in the tree).

The proportion increases to 3.5% when discarding the non-internal branches or when doing the above calculation
with https://nextstrain.org/ncov/gisaid/reference that we annotated with reversions there. It is 3.9% in the early
SARS-CoV-2 tree.

We can thus state with a high degree of confidence that lineage A does not descend from Lineage B.

Linking BEAST population size parameters with the onset curve

This is the reasoning used for the code of our BEAST package

» (Constant population coalescent
Pr(a, b coalesce at k th generation) = (1 — 1/N)¥ /N

where N is the number of infected people, assumed to be constant.

. 1 1—(1-1/N)
Pr(a, b coalesce before k th generation) = Y (1 —1/N) !/N = — _
2 a1 N1 (11N

=1 (1-1/N)f
k is in number of generation, so with a time variable  (in vear) it becomes
Pr(a, b coalesce before time t) = 1 — (1 — 1/N)*/*
with g the generation time in vear (ie. ¢ = 5/365)
» BEAST' code says that
Pr(a, b coalesce before timet) =1 — e t/N:

where N; is some parameter called the effective population size.
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(== is only valid for IV large)
ie. Ve is the product of the real population size and the generation time.

In this model there are N cases per generation of 5 days, ie. N/5 cases per day.

So the expected number of cases per day is

LN

Ne— =
5(1 — e o/N) 5g


https://nextstrain.org/ncov/gisaid/reference
https://nextstrain.org/fetch/raw.githubusercontent.com/babarlelephant/onEarlySequences/main/nextstrainReferenceTreeAnnotedWithBatReversions.json?c=reversions&d=tree,entropy,frequencies&m=div&p=full
https://github.com/babarlelephant/onEarlySequences/blob/main/modifiedExponentialCoalescent.java
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Notes

Note 0 - Sometimes the data is very scarce and we are unable to tell if the patient was confirmed. There is also a
clear bias in our data, the patients linked to the market being more easily admitted in hospitals, better diagnosed,
and better documented in newspapers.

Note 1 - The wife is said to be 53 year-old in [1, 6] and she is said to be 57 year-old in [4, 5].

Note 2 - The only ambiguity would be with the patient 52F who had been sequenced many times, but 52F and 53F
appear as different patients in [1a].

Note 3 - The onset date of the non-market lineage B patient 41M1 has been discussed in
https://www.washingtonpost.com/world/asia_pacific/covid-wuhan-outbreak-who/2021/07/15/51e7e8a6-e2c6-11eb-8
8c5-4fd6382c47cb_story.html and https://www.science.org/doi/10.1126/science.abm4454 (Dissecting the early
COVID-19 cases in Wuhan, Worobey et al)

Note 4 - We match 40M1 with WH19003 from the age and sex, the mention of 15 days after onset, the similarity
between table [1a] and table [12a], that one mutation is found both in 32M and WH19003 (given that 40M1 and 32M
are said to work together in [4a]). 40M2 is a different patient in [1a, 12a].

Note 5 - See https://new.qg.com/omn/20200103/20200103A00QPZ00.html?pc and
https://baijiahao.baidu.com/s?id=1654845412197587426

Note 7 - A43M is mentioned in https://www.biorxiv.org/content/10.1101/2020.01.24.919183v2 but it is neither clear if
it is the same patient nor if the given hospitalization date is relevant to his SARS-CoV-2 infection (he seems to have
visited the Central hospital a second time as an outpatient).

Note 8 - The same patients as in the IME-WHOXx series of genomes — without any associated paper — are also found
in [12] and [1]. We found that most of these patients were first admitted to Integrated (Hubei Hospital of Integrated
Traditional Chinese and Western Medicine), see [22].

Note 9 - The IME-WHOx genomes do not have any metadata, but they are included in the WHO report [3b],
matching each IME-WHOx genome with some sequences having enough metadata to identify the patients.

Based on the mutations (one identical to Wuhan-Hu-1 and one with the A23425G mutation) we find that IME-WHO03
and IME-WHO02 have been inverted in [3b].

Note 10 - IVDC-HB-05 and WH19005 are identical with two mutations G20670A G20679A, and IVDC-HB-05 is said
to be 32M while WH19005 is said to be an isolate cultured from the same sample as WH19001 who is 49F. Neither
are present in the duplication table of the WHO report [3a]. In the available raw data [14] for WH19005 we found
that these two mutations are only present at the end of the reads and are followed by a coverage drop. Similar
coverage drop and mutations are present in the raw reads of WH19008 [14].


https://github.com/babarlelephant/onEarlySequences/blob/main/accesssions.tsv
https://www.washingtonpost.com/world/asia_pacific/covid-wuhan-outbreak-who/2021/07/15/51e7e8a6-e2c6-11eb-88c5-4fd6382c47cb_story.html
https://www.washingtonpost.com/world/asia_pacific/covid-wuhan-outbreak-who/2021/07/15/51e7e8a6-e2c6-11eb-88c5-4fd6382c47cb_story.html
https://www.science.org/doi/10.1126/science.abm4454
https://new.qq.com/omn/20200103/20200103A00QPZ00.html?pc
https://baijiahao.baidu.com/s?id=1654845412197587426&wfr=spider&for=pc
https://www.biorxiv.org/content/10.1101/2020.01.24.919183v2

It is thus assumed that it is a primer/amplification problem and a decision was taken to mask these sites, eliminating
the discrepancy of finding the same pair of mutations in some but not all of the genomes of different patients.

Once these two mutations are masked, IVDC-HB-05 becomes identical to Wuhan-Hu-1. In its metadata the
admission date is said to be on December 27, but the same date is given for [VDC-HB-01 and |VDC-HB-04 so we
assume that it is mistake and that this sequence does belong to the same 32M patient as the other ones carrying
A23425G.

20 600 bp 20 700 bp 20 800 bp 20 900 bp
| | | | |

p-5q

two mutations in SAMC703641 (WH19001-5) at 20670 20679
present only at the end of the reads and followed by a coverage drop

Note 11 - there is some uncertainty on the onset of 62M, see [12a].

Note 12 - we decided to trust the GISAID metadata instead of the WHO report for IPBCAMS-WHO03
IPBCAMS-WHO04 IPBCAMS-WHO0S. This affects only the consensus genome of 41M1 which would be otherwise
identical to WH19053, implying that this genome was in fact from 41M1.

Note 13 - The sequence IPBCAMS-WH-05 (61M) is identical to WH19053 (41M). We assume that the metadata for
these sequences is correct, so that the WHO table is wrong to associate IPBCAMS-WH-05 with 41M1. The
alternative is that the WHO table is right and that both IPBCAMS-WH-05 and WH19053 are in fact 41M1, but in that
case there is a clear mismatch in [1a] both for the onset date and the severity. Note that with the current data 41M1
is an early non-market patient and lineage B, which is also surprising.

Note 14 - Sometimes relatively close to the market, see [8]

Note 15

- WH19002’s raw reads from [1b] are different to those analyzed in [14]. The former is a high quality genome
identical to Wuhan-Hu-1, while the latter is a very low quality run matching with a very low quality sequence
named WH19002 on https://nmdc.cn/resource/ncov/genome/detail/NMDC60013002-05 , all from the same
patient 52F.

- For WH19004 there is one sequence on https://nmdc.cn/resource/ncov/genome/detail/NMDC60013002-09
which is identical to IVDC-HB-04 (two mutations C27493T C28253T) and 3 sets of raw reads, from [1b] (one
single-end and one paired-end) and [14] (one paired-end).

The raw reads from [1] have intra-host variants instead of C28253T (A:1,C:3191,G:3,T:421) and C27493T
(C:1359,T:1327,G:1) while the raw reads from [14] lack both. Overall the source of these raw reads and the



https://ngdc.cncb.ac.cn/ncov/genome/accession/?q=NMDC60013086-01
https://ngdc.cncb.ac.cn/ncov/genome/accession?q=NMDC60013084-01
https://ngdc.cncb.ac.cn/ncov/genome/accession?q=NMDC60013085-01
https://nmdc.cn/resource/ncov/genome/detail/NMDC60013002-05
https://nmdc.cn/resource/ncov/genome/detail/NMDC60013002-09

differences with the published sequences are rather unclear. In every case the assembled sequence
becomes identical to Hu-1 up to a few N.

- For WH19008 the nmdc sequence https://nmdc.cn/resource/ncov/genome/detail/NMDC60013002-06 agrees
with the raw reads from [14].

Note 16 - See for example https://www.sohu.com/a/368363975_359980 and
https://tech.sina.cn/2020-01-20/detail-iihnzahk5292274.d.html

Note 17 - the likely artifactual TT and CC sequences are analyzed in [13]

Note 18 - the first export abroad was a 61F who traveled from Wuhan to Thailand on January 8, so the two Thai
sequences with a recorded collection date on Jan 5 are wrong. The onset was on Jan 5, and she was detected by
temperature screening at the airport in Thailand. The Thai scientists had to wait for a few days to compare their
preliminary partial sequences with the first published SARS-CoV-2 genomes. The sequence is lineage B and the
patient is said to have no link to the market.

https://www.who.int/emergencies/disease-outbreak-news/item/2020-DON234

The first lineage B.1 sequence (Zhejiang/HZ103/2020, EPI_ISL_422425, collected on Jan 24) is a 36M from
Hangzhou, Zhejiang. It is likely that this refers to the same patient:
Patient XII, male, 36 years old, now lives in Yuhang District (of Hangzhou city) is a close contact of a
suspected case of fever from Wuhan to Hangzhou, onset of fever on January 18, temperature 38°C, with
cough and sputum, and now under isolation treatment in a designated medical institution in Hangzhou.
http://www.hangzhou.gov.cn/art/2020/1/26/art 1228998463 41942427 .html

Note 19 - The probability to observe one or less lineage A is 0.00053 = (2/3)"26+26*(1/3)*(2/3)"25, if the 25 market
patients and environmental samples had been selected independently and if the proportion of lineage A/B inside the
market in December was the same as in the whole of Wuhan. The probability increases to 0.019 when it is assumed
that the samples represent 15 independent draws.

Note 20 - https://nextstrain.org/ncov/global/2020-12-20?d=tree&l=clock&p=full
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