
Deep sequencing of the Moderna and Pfizer
bivalent vaccines identifies contamination
of expression vectors designed for plasmid
amplification in bacteria

ANANDAMIDE

FEB 15, 2023

164 2 Share

Deep sequencing of the Moderna and P�zer bivalent vaccines identi�es
contamination of expression vectors designed for plasmid ampli�cation in bacteria.
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February 16th 2023

Introduction

As universities in the United States continue to mandate liability-free injections

(COVID vaccines) for students at limited risk of contracting COVID, it becomes
imperative that more public information be made available for the ingredients of these
experimental vaccines. Both the EMA and the TGA have made note of fragmented RNA
and smeary western blots suggesting the vaccine manufacturing process lacks �delity
and transparency. Shortly a�er the TGA data was released, Patel et al. (P�zer) published

a paper attempting to defuse these concerns. Jessica Rose has covered this topic here.

Informed consent cannot be obtained with poorly characterized therapeutics.

We are now entering the third year of COVID and its has become increasingly clear
which demographics are at risk. The student age group (under 25) has repeatedly been
shown to have very low risk of COVID yet the vaccine induced adverse events for
students in this age bracket is higher than any vaccine ever administered. Krug et al.

observed a risk of 1:6250 risk for myo/pericarditis in 16-17 year olds (Krug et al).

Mansanguan et al.
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The “Thailand study” (Mansanguan et al) implies even higher rates of cardiac risk for
students, where 29.24% of students (n=301) experienced cardiovascular manifestations.
Studies including 23 Million Nordic patients observed a signi�cant rate of myocarditis

in this age group as well. This study, while larger, was not as controlled as the Thailand
study in that Mansanguan et al. took baseline measurements of the patients and
explored more than just myo/pericarditis.

These risks are not seen with C19 itself.

Tuvali et al.

Similar results are seen in Aquaro et al. and Sechi et al. where C19 derived Myocarditis is
no di�erent than background rates.
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Aquaro et al.

A meta analysis con�rms this.

This di�erence in cardiac risk between the vaccine and the virus should come as no
surprise. Intramuscular (IM) administration comes with immediate potential access to

the vasculature system. Studies evaluating skilled nurses using aspiration techniques
have a 1.9% rate of hitting a vein or an artery. Accidental IV injection in Dentistry is
even higher at 4% with aspiration. SARs-CoV-2 vaccines do not even require aspiration
and likely have a higher accidental IV injection rate. Marc Girodot has covered this in
detail.

On the �ip side of this risk equation we �nd infection from C19 has been shown to
provide more durable immunity than the narrow spike protein focused vaccines. Natural
immunity provides mucosal antibodies and T-Cell recognition of the proteome derived
from the entire 30kb viral genome where the vaccines are focused on a small ~4kb (1273
amino acids) region of the virus.
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This narrow-epitope vaccine strategy, now has documented escape mutants where the
majority of the mutations from Delta to Omicron are amino acid changing variants in
the spike domain targeted by the vaccine program. This enrichment in amino acid

changing variants over synonymous variants is the hall mark of selection. Vaccines that
don’t stop transmission and fail to limit the viral load of the patient, leave the
evolutionary clock of the virus (RdRp polymerase) intact but merely steer evolution
around the paddle you placed in the river. Chau et al. demonstrated higher viral loads in
the vaccinated. The study traversed multiple variants but other studies suggest equal to

slightly lower viral loads in the vaccinated. Even in these cases the variance is a few CTs
and in the 10^8 range. Dahdouh et al. showed up to 10 CT variances in swabbing alone
suggesting many confounders to these studies. The small CT change is in the 100
million molecule range and is so high in both the vaccinated and unvaccinated that a 2
CT di�erence is irrelevant given the orders of magnitude lower requirements for a
minimum infective dose (10^6).

Chau et al. ‘Vietnam study’

It is is well established that these vaccines do not stop transmission and recent studies
from the Cleveland clinic (preprint) even demonstrate negative vaccine e�cacy with
each additional vaccine. They also demonstrate a dose dependent e�ect or a ‘Biological
gradient’ which is one of the tenets of the Bradford Hill conditions for causality. This
implies the vaccines are weakening patients immune systems and making them more

susceptible to C19 and other infections.

Thus the vaccination policies at universities appear to violate fundamental medical
ethics as they are asking students to absorb a negative risk/bene�t medical intervention
to shield older faculty. This is using their student body as human shields while failing to
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inform that the shield has a ‘Russian Roulette’ price for its user. This is mis-informed
coercion not informed consent.

This is particularly true for vaccines that do not stop transmission and in several studies

show signs of negative vaccine e�cacy (Barnstable Mass). The Barnstable Mass study
run by the CDC showed higher infection rates amongst the vaccinated. Australia is now
96% vaccinated (16+ 2 Doses) and the hospitals are enriched above 96% for vaccinated
patients. Excess mortality in Australia is higher post vaccination than during the pre-
vaccination pandemic.

The bivalent boosters were never adequately studied in this student age group. Paul
O�t was quoted as saying “The �x was in” regarding the approval of these vaccines.
Instead of large scale RCTs, mouse data was predominantly used as for the bivalent
booster approval. Even the RCTs that were performed on BNT162b2 and mRNA1273
have been reanalyzed by independent researchers (Fraiman et al) and found to have no
bene�t (Bardosh et al).

Byram Bridle explains how the selective marketing of P�zers Relative Risk reduction
score was a violation of FDA policy. Yet it was met with thunderous applause.

The initial vaccines that targeted Wuhan-1 spike protein have never provided lot to lot
DNA sequencing quality control. They have never provided any evidence of
transcriptional or translational �delity of these pro-drugs. This is of utmost importance

as the vaccines incorporated an error prone nucleotide known as N1-methyl-
pseudouridine (m1Ψ) known to increase the transcriptional error rate to 250-300/Million
or 1 error every 4,000 nucleotides (Chen et al). This translates into an error in every
vaccine molecule synthesized and 14-34 trillion are injected with P�zer and Moderna
respectively. If the single molecule (Paci�c Biosciences sequencing) assays used to

estimate this error rate manifest in real human studies, this is an extraordinary degree of
complexity.

To make matters even worse, the impact of this base on ribosome �delity is unknown
but the published attempts to model pseudouridines (not N1-methyl-pseudoU or m1Ψ)
impact on �delity have shown substantial increases in ribosomal frame-shi�ing, stop
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codon ablation and translational error (Fernandez et al). A study that attempted to
unsuccessfully challenge this is discussed here.

Andrew Fire’s lab sequenced the earlier vaccines but failed to ever disclose the raw

sequencing reads. These data are needed to address concerns over transcriptional error
rates and heteroplasmies.

No public sequence data exists for the novel bivalent vaccines being administered to
children. Over 50M of the bivalent vaccines have been administered according to the
CDC as of this writing.

P�zer is forecasting strong sales for 3 years.

KBirb 
@birb_k

Pfizer forecasting nearly 500 million mRNA COVID doses in 2023-2026, with years
2025 & 2026 being a combo COVID/Flu mRNA. Pfizer’s share, at recent rumored
price of $120/dose is $37 billion just for the U.S. They foresee a huge CASH COW.
Source: investors.pfizer.com/Investors/Even…
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Since there is limited public QA/QC data regarding these bivalent vaccines, we sought
to independently monitor the RNA integrity of P�zer and Moderna bivalent vaccines.
Sample vials were puri�ed and evaluated via electrophoresis. Directional RNA-seq
libraries were constructed and sequenced on Illumina sequencers.

EMA documents from August 2022 exist for the P�zer Bivalent vaccine. These
documents state that NGS (Next Generation Sequencing) data exists but were not
supplied to the EMA. The EMA also made note of there being only Western Blots
available for characterization of the translated product and that the bands did not match
the anticipated sizes.
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Caption from the EMA.

Methods

Images and lot numbers of vaccine vials. P�zer vials are from the same lot. Moderna lots
are di�erent.

Vaccine Lot numbers and QR codes.
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Methods

Purifying the mRNA from the LNPs.

100ul of each vial was sampled (1/3rd to 1/5th of a dose)

5ul of 2% LiDs was added to 100ul of Vaccine to dissolve LNPs

100ul of 100% Isopropanol

233ul of Ampure (Beckman Genomics)

25ul of 25mM MgCl2 (New England Biolabs)

Samples were tip mixed 10X and incubated for 5 minutes for magnetic bead binding.

Magnetic Beads were separated on a 96-well magnet plate for 10 minutes and washed
twice with 200ul of 80% EtOH.

The beads were le� to air dry for 3 minutes and eluted in 100ul of ddH20. 2ul of eluted
sample was run on an Agilent Tape Station.

Library Construction

50ul of each 100ul sample was converted into RNA-Seq libraries for Illumina sequencing

using the NEB NEBNext UltraII Directional RNA library Kit for Illumina
(NEB#E7760S).

To enrich for longer insert libraries the fragmentation time was reduced from 15
minutes to 10 minutes and the First strand synthesis time was extended at 42C to 50
minutes per the long insert recommendations in the protocol.

No Ribo depletion or PolyA enrichment was performed as to provide the most unbiased
assessment of all fragments in the library. The library was ampli�ed for 16 cycles
according to the manufacturers protocol. A directional library construction method was
used to evaluate the single stranded nature of the mRNA. This is an important quality
metric in the EMA and TGA disclosure documents as dsRNA (>0.5%) can induce an

innate immune response. dsRNA content is o�en estimated using an ELISA. Directional

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8641981/


DNA sequencing o�ers a more comprehensive method for its estimation and was
previously measured and 99.99% in Jeong et al. It is unclear how this may vary lot to lot
or within the new manufacturing process for the newer bivalent vaccines.

Results

Fragment analysis of each vial is depicted in Figure 1. RNA fragmentation is evident in
both brands and all lots but is particularly notable in P�zer vials. Surprisingly, mRNA
products longer than the anticipated length of the mRNA were also observed in the
bivalent vaccines.

Figure 1. Agilent Tape Station Electrophoresis of the Bivalent vaccines.
Moderna mRNA-1273.214 (Top) and the Pfizer bivalent vaccine (Bottom).

These longer fragments are note seen in Patel et al. with the monovalent vaccines.
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Patel et al electrophoresis of the BNT162b2 mRNA vaccine.

The �rst step in making RNA-Seq libraries is to fragment these mRNAs and convert
them into DNA.

The ‘directional’ library construction method is described here. Directional libraries
ensure that knowledge of the strand (watson vs crick strand) is captured and as a result
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https://substackcdn.com/image/fetch/f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F0b08c304-e18d-49db-be07-a86091a86c6a_1144x920.png
https://substackcdn.com/image/fetch/f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fde20ddb9-f61d-4c50-af7a-3590c6d1775e_330x516.png


one can better estimate double-stranded DNA or RNA contamination in the mRNA
synthesis of the vaccine.

The 1st strand synthesis step may introduce additional error based on Reverse

Transcriptase sensitivity to m1Ψ. The synthesis begins with a Reverse Transcriptase (RT
polymerase) and random primers (5’NNNNNN-3’OH). Once these random primers
hybridize to RNA, the RT enzyme incorporates nucleotide that best match the template.
These templates have a base known to disrupt base pairing �delity (m1Ψ).

Following �rst strand synthesis, there is an ephemeral second DNA strand synthesis

that incorporates an enzymatically ‘erase-able’ base (DNA based Uracil). This facilitates
the ligation of double stranded sequencing adaptors to the dsDNA molecules. A�er
adaptor ligation, this second strand is erased using UDG/UNG or a USER enzyme from
New England BioLabs.
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Of note, this USER enzyme digests DNA based uracils, not RNA based uracils. As a
result, only the �rst strand synthesis is used as a template for library PCR. Since PCR
based polymerase errors are an order of magnitude less frequent (1:100,000) than Reverse
Transcriptase errors (1:10,000), we should see errors predominantly from the 1st strand
synthesis attempting to replicate a m1Ψ RNA template. The �nal result of this approach

will have primarily 2 modes of error.

1)T7 RNA polymerase is used to synthesize mRNA vaccines from a DNA based
expression vector. T7 RNA polymerase will have increased incorporation error with
m1Ψ.

2)Reverse Transcription error from turning the vaccine m1Ψ modi�ed mRNA into DNA

for Illumina sequencing.

Figure 2 depicts the �nal library sizes produced from these methods. These do not
re�ect on the manufacturing process of either vaccine provider but are the expected
results from an RNA-Seq based kit.
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Figure 2. Illumina Libraries after 16 cycles of PCR. The libraries can likely be
obtained with 12 cycles of PCR as the bimodal distribution of amplicons is a
sign of too much input DNA into the Library PCR. The Illumina clustering

will favor shorter amplicons but a higher number of improperly paired reads
may result with bimodal amplification.

4 Libraries overlaid for comparison
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Analysis pipeline

Reads were demultiplexed and processed with

Trimgalore - Removes Illumina Sequencing adaptors.

Megahit- assembles reads into contigs.

Megahit for SARs-CoV-2

Samtools- generates BAM �les for viewing in IGV.

BWA-mem- Short read mapper used to align reads back to the assembled
references.

SnapGene so�ware- (www.snapgene.com)- Used to visualize and annotate
expression vectors

IGV- Integrated Genome Viewer used to visualize Illumina sequencing reads.

Sequencing results

Since these mRNA targets are so small (4Kb), they can be DNA barcoded and easily �t
into any sequencing run. Illumina HiSeq 4000 lanes usually produce over 300M 150bp

reads per lane. 0.5% of these reads (1.5 million reads) produces ~225Mb of sequence
across a 4Kb fragment. 50,000X coverage across a 4Kb fragment is an error bar on
current sequencer output, underscoring the a�ordability of sequencing every lot. The
list price for 300M reads from many sequencing service centers is ~$1300. The
sequencing costs for these samples was $7 per vial and used a mere 1/3rd of a dose

(100ul). The library construction costs may have added an additional $50 in expense.

Two di�erent expression vectors are found in the Moderna bivalent vaccines. Two
di�erent lots were sequenced and there may di�erent background expression plasmids
in each lot. Note, since these vaccines have bivalent inserts, the assembler is o�en
splitting the inserts into separate contigs (omicron vs wuhan-1). I’ve included the entire

output �le from megahit to a�ord further polishing of these references by the public.
These dra� assemblies have been le� in raw form delivered directly from megahit to
a�ord reproduction of the work.
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Figure 3. Moderna bivalent vial #2. This may be an empty vector or an
assembly artifact that can occur when the insert is 1000X higher in coverage
than the vector. Notice the Coverage is only 60X and other vectors are 13,000

X. Likely an index hopping artifact.

>k141_45 flag=1 multi=60.0000 len=2943
CTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTT
GCAAGCAGCAGATTACGCGCAGAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACT
CACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAG
TATATATGAGTAACCTGAGGCTATGGCAGGGCCTGCCGCCCCGACGTTGGCTGCGAGCCCTGGGCCTTCACCCGAACTTGGGGGGTGGGG
TGGGGAAAAGGAAGAAACGCGGGCGTATTGGCCCCAATGGGGTCTCGGTGGGGTATCGACAGAGTGCCAGCCCTGGGACCGAACCCCGC
GTTTATGAACAAACGACCCAACACCGTGCGTTTTATTCTGTCTTTTTATTGCCGTCATAGCGCGGGTTCCTTCCGGTATTGTCTCCTTCCGTG
TTTCAGTTAGCCTCCCCCTAGGGTGGGCGAAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGA
TTCCGAAGCCCAACCTTTCATAGAAGGCGGCGGTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACC
CCAGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGG
AAGCGGTCAGCCCATTCGCCGCCAAGTTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGC
CACAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTC
GGGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGTTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCT
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TCCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTG
CATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCC
TTCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTC
ATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAAA
CGATCCTCATCCTGTCTCTTGATCGATCTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGCTCAGAGGCCGA
GGCGGCCTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGGGATG
GGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCA
CACCTGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCACACCCTAACTGACACACAT
TCCACAGCTGGTTCTTTCCGCCTCAGGATTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGCGCCCTGTAGCGGCGCATTAAG
CGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCG
CCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAA
ACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTTAATAGTG
GACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTA
AAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTACGCGTTAAGATACATTGATGAGTTTG
GACAAACCACAACTAGAATGCAGTGAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAAGCTGCAAT
AAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTAAAGCAAGTAAAACCTCTAC
AAATGTGGTATGGCTGATTATGATCATGAACAGACTGTGAGGACTGAGGGGCCTGAAATGAGCCTTGGGACTGTGAATCTAAAATACACA
AACAATTAGAATCAGTAGTTTAACACATTATACACTTAAAAATTGGATCTCCATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGAT
GTTAAACGGCGGAGCTACCACACCGGTTGGAGCTCTTCTTTTTTT

Figure 4. A Moderna vector with a spike insert from the same Vial #2 as in
figure 3.

>k141_73 flag=1 multi=13386.0482 len=6777
CTGCAGGCTCTGCAGCCGGCCAGTGATCAGCCGGTCGATCTGCACCTCGGCCTCGGGAGGGTCCAGCCGGCTCAGGATGTCGTTCAGCAC
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GCTGCTGATGGCGCCGAACTTGCTGCTCAGCTGCTTCACCAGGGTGTTCAGGGCCTGGGCGTTCTGGTTCACCACGTCCTGCAGCTTGCCC
AGGGCGCTAGCGGTGCTGCTCAGGCTGTCCTGGATCTTGCCGATGGCGCTGTTGAACTGGTTGGCGATCAGCTTCTGGTTCTCGTACAGAA
CGTTCTGGGTCACGCTGATGCCGTTGAACCGGTAGTCGATCTGCATGGCGAAGGTGATCTGCAGAGCGGCTCCAGCGCCGAAAGTCCAGC
CGCTGGTGATGGTTCCGGCGAACAGGGCGCTGGTGTACTGGCGATCATCTCGTCGGTCAGCAGGGGAGGCAGCACGGTCAGGCCGTTGA
ACTTCTGGGCGCAGATCAGGTCCCGGGCGGCTATGTCGCCGAGGCAGTCGCCGTAGCTTGATGAAGCCGGCGTCGGCTAGGGTCACCTTG
TTGAACAGCAGGTCCTCGATGAAGCTCCGCTTGCTGGGCTTGCTGGGGTCGGGCAGGATCTGGCTGAAGTTGAAGCCGCCGAAGTCCTTG
ATGGGAGGGGTCTGGAACTAGCAGAGGTGGTGAGTGGGGCAGGTGGAGGTGGGAGCATACCTGGGACCCGAGGTCGGGGGAGACTCG
GGGTACCCAGGACGGGAAAGGGGCAGCTAGCATTGCGTGCATGCAGTACCAGCTCGAGTCATCATGTGTAGTGCAGTTTCACGCCCTTCA
GCACGGGCTCAGAATCGTCCTCGTCGAACTTGCAGCAGCTGCCACAGCTACAACAGCCCTTCAGGCAGCTACAGCAGCTGGTCATGCAAC
ACAGCATGATTGTGACCATCACGATGGCAATCAGTCCGGCGATAAAGCCCAGCCAGATGTACCAGGGCCACTTGATGTACTGCTCGTACTT
CCCCAGTTCTTGCAGGTCGATCAGGCTCTCGTTCAGATTCTTGGCCACCTCGTTCAGCCGATCGATCTCCTTCTGGATGTTCACCACGCTGG
CGTTGATGCCGCTGATGTCGCCCAGGTCCACGTCGGGGCTGGTGTGATTCTTGAAGTACTTGTCCAGCTCCTCCTTGAAGCTGTCCAGCTCG
GGCTGCAGGGGATCGTACACGGTGTTGTTCACGATGCCGATCACCACGTCGCAGTTGCCGCTCACGAAGGTGTTGTCGGTGGTGATGATCT
GGGGCTCGTAGAAGTTCCGCTGGGTCACGAACCAGTGGGTGCCGTTGCTCACGAACACGCCCTCCCGGGGAAAGTGGGCCTTGCCGTCGT
GGCAGATGGCTGGGGCGGTGGTGAAGTTCTTCTCCTGGGCGGGCACGTAGGTCACGTGCAGGAACACCACTCCGTGGGGTGCGCTCTGG
GGAAAGCTCATCAGGTGGTAGCCCTTGCCGCAGAAGTCCACCCGCTTGCTCTGGCCCAGCACGCACTCGCTCATCTTGGTGGCGGCCAGG
TTGGCGCTGGCCCGAATCTCGGCGGCCCGGATCAGCTGCTGGGTCACGTAGGTCTGCAGGCTCTGCAGCCGGCCAGTGATCAGCCGGTCG
ATCTGCACCTCGGCCTCGGGAGGGTCCAGCCGGCTCAGGATGTCGTTCAGCACGCTGCTGATGGCGCCGAAGTTGCTGCTCAGCTGCTTC
ACCAGGGTGTTCAGGGCCTGGGCGTTGTGGTTCACCACGTCCTGCAGCTTGCCCAGGGCGCTAGCGGTGCTGCTCAGGCTGTCCTGGATC
TTGCCGATGGCGCTGTTGAACTGGTTGGCGATCAGCTTCTGGTTCTCGTACAGCACGTTCTGGGTCACGCCGATGCCGTTGAACCGGTAGG
CCATCTGCATGGCGAAGGGGATCTGCAGAGCGGCTCCAGCGCCGAAAGTCCAGCCGCTGGTGATGGTTCCGGCTAACAGGGCGCTGGTG
TACTGGGCGATCATCTCGTCGGTCAGCAGGGGAGGCAGCACGGTCAGGCCGTTGAACTTCTGGGCGCAGATCAGGTCCCGGGCGGCTATG
TCGCCGAGGCAGTCGCCGTACTGCTTGATGAAGCCGGCGTCGGCTAGGGTCACCTTGTTGAACAGCAGGTCCTCGATGAAGCTCCGCTTG
CTGGGCTTGCTGGGGTCGGGCAGGATCTGGCTGAAGTTGAAGCCGCCGAAGTACTTGATGGGAGGGGTCTTGTAGATCTGCTTCACCTGG
GCGAACACCTGCTGGGTGTTCTTGTCCTGCTCCACGGCGATGCCGGTCAGGGCCCGGTTCAGCTGGGTGCAGAAGCTGCCGTACTGCAGC
AGCAGGTTGCTGCACTCGGTGCTGTCGCCGCAGATGTACATGGTGCAGTCCACGCTGGTCTTGGTCATGCTCACGGGCAGAATCTCGGTGG
TCACGCTGATGGTGAAGTTGGTGGGGATGGCGATGCTGTTGTTGCTGTAGGCCACGCTGTTCTCGGCGCCCAGGCTCATGGTGTAGGCGAT
GATGCTCTGGCTGGCCACGCTCCTTGCCCTCCGGTGTGACTTGGTCTGGGTCTGGTAGCTGGCACAGATGCCGGCGCCGATGGGGATGTCG
CACTCGTAGCTGTTGTTCACGTGCTCGGCGCCGATCAGGCAACCGGCCCGGGTCTGGAACACGTTGCTGCCGGTGCTGTAGACCCGCCAG
GTGGGTGTCAGCTGGTCGGCGTGGATGGCCACGGGCACCTCGGTGCAGTTCACACCCTGGTACAGCACGGCCACCTGGTTGCTGGTGTTG
GTGCCTGGGGTGATCACGCTCACGCCGCCGAAGCTGCAAGGGGTGATGTCCAGGATCTCCAGGGTCTGGGGATCCCGCACAGCGTCGGTG
GTGTCGGCGATGTCCCGGCCGAACTGCTGAAAGGGCAGGAATTTCTTGTTGCTCTCGGTCAGCACGCCGGTGCCGGTAAGGCCGTTGAAG
TTGAAGTTCACGCACTTGTTCTTCACCAGGTTGGTGCTCTTCTTGGGGCCACACACGGTGGCTGGGGCGTGCAGCAGCTCGAAGCTCAGC
ACCACCACCCGGTAGGGCTGGTGGCCCACGCCGTAGGTGGGCCGGAAGCCGTAGCTCTGCAGAGGGAAGTAGCAGTTCACGCCGGCCAC
GCCGTTGCAAGGCTTGTTGCCGGCTTGGTAGATCTCGGTGCTGATGTCCCGCTCGAAGGGCTTCAGGTTGCTCTTCCGGAACAGCCGGTAC
CGGTAGTTGTAGTTGCCGCCCACCTTGCTGTCGAGCTTGTTGCTGTTCCAGGCGATCACGCAGCCGGTGAAGTCGTCGGGCAGCTTGTAGT
TGTAGTCGGCGATGTTGCCTGTCTGGCCGGGTGCGATCTGGCTCACCTCGTTGCCACGGATCACGAAGCTGTCGGCGTACACGTTGGTGAA
GCACAGGTCGTTCAGCTTGGTGGGGCTCACGCCGTAGCACTTGAAGGCGAAGAATGGGGCGAAGTTGTACAGCACGCTGTAGTCGGCCA
CGCAGTTGCTGATCCGCTTCCGGTTCCAGGCGTACACGCTGGCGAACCGGGTGGCGTTGAACACCTCGTCGAAGGGGCACAGGTTGGTGA
TGTTGGGGAACCGCACGATGCTCTCGGTGGGCTGCACCCGGAAGTTGCTGGTCTGGTAGATGCCCTTCTCCACGGTGAAGCTCTTCAGGG
TGCACTTGGTCTCGCTCAGAGGGTCCAGGGCGCAGTCCACGGCGTCGGTGATGGTGCCGTTCTCGTTGTACTTCAGCAGGAAGGTCCGGG
GCTGCAGGTAGCCCACGTAGTAAGCAGCCGCGCCTGCTGTCCACCCGCTGCTGCTGTCGCCTGGGGTCAGGTAGCTCCGGTGCAGGGCCA
GCAGGGTCTGGAACCGGGTGATGTTGATGCCGATGGGCAGGTCCACCAGGGGCTCCAGGGCTGAGAAGCCCTGGGGCAGATCCCGCACC
AGGTTGATTGGGGTGTGCTTGCTGTAGATCTTGAAGTAGCCGTCGATGTTCTTGAACACGAACTCCCGCAGGTTCTTGAAGTTGCCCTGCT
TGCCCTCCAGGTCCATCAGGAAGGGCTGGCTCACGTACTCGAAGGTGCAGTTGTTGGCGCTGCTGTACACCCGGAACTCGCTCTCCATCCA
GCTCTTGTTGTTCTTGTGGTAGTACACGCCCAGGAAGGGGTCGTTGCAGAACTGGAACTCGCACACCTTGATCACCACGTTGGTGGCGTTA
TTCACGATCAGCAGGCTCTGGGTCTTGCTGTCCAGGGTGGTGCCGAAGATCCAGCCCCGGATGATGTTGCTCTTCTCGGTGCTGGCGAAGT
ACACGCCGTCGTTGAAGGGCAGCACGGGGTTGTCGAACCGCTTGGTGCCGTTGGTGCCGCTGATGGCGTGGAACCAGGTCACGTTGCTGA
AGAAGGGCAGGAACAGGTCCTGGGTGCTGTGCAGGACGCTGCTCCGGAACACCTTGTCGGGGTAGTAGACGCCCCGGGTGAAGCTGTTG
GTGTAGGCTGGTGGCAGCTGGGTCCGGGTGGTCAGGTTCACGCACTGGCTGCTCACCAGGGGCAGCAGCACCAGGAACACGAACATGGT
GGCGGCGCCGGGGTCTTATATTTCTTCTTACTCTTCTTTTCTCTCTTATTTCCCTATAGTGAGTCGTATTAGCTTCTGTACGAGGGTCCAAAA
GCTTGAGCCGGATCGAATTCGTCGTGACTGGGAAAACCCTGGCGGAAAAGGGGCCCGAGCTTAAGACTGGCCGTCGTTTTACAACACAG
AAAGAGTTTGTAGAAACGCAAAAAGGCCATGCGTCAGGGGCCTTCTGCTTAGTTTGATGCCTGGCAGTTCCCTACTCTCGCCTTCCGCTTC
CTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGAA
AGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGAC
GAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTC
GTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGT
AGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCCGGTAA
CTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGG
CGGTGCTACAGAGTTCTTGAAGTGGTGGGCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTAC
CTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCG
CAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGACGCGCGCGTAACTCACGTTAAGG
GATTTTGGTCATGAGCTTGCGCCGTCCCGTCAAGTCAGCGTAATGCTCTGCTTAGAAAAACTCATCGAGCATCAAATGAAACTGCAATTTA
TTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCCGTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGAATGGCAA
GATCCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTCCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAA
TCACCATGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACGCTCGT
CATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCGTGATTGCGCTTGTGCAAGACGGAAGACGCGATCGCTGTTAAAAGGACAAT
TACAAACAGGAATCGAGTGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAATACCTG
GAACGCTGTTTTTCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGTACGGATAAAATGCTTGATGGTCGGAAGTGGCATAAA
TTCCGTCAGCCAGTTTAGTCTGACCATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGGCGCATCGG



GCTTCCCATACAAGCGATAGATTGTCGCACCTGATTGCCCGACATTATCGCGAGCCCATTTATACCCATATAAATCAGCGTCCATGTTGGAA
TTTAATCGCGGCCTCGACGTTTCCCGTTGAATATGGCTCATATTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGTCTCATGA
GCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTCAGTGTTACAACCAATTAACCAATTCTGAACATTATCGCGAGCCC
ATTTATACCTGAATATGGCTCATAACACCCCTTGCAGTGCGACTAACGGCATGAAGCTCGTCGGGGCTGGGTACCGAGCTCGCAAAAA

Figure 5. Moderna bivalent vaccine vector from vial 1. This has a partial
Spike sequence. Likely broken due to Omicron and Wuhan-1 divergence.

>k141_175 flag=0 multi=24996.5933 len=3839
AAAAAATATAGACATCCCTTCAGAGTCCCGGGTAGCATAACCCCTTGGGGCCTCTAAACGGGTCTTGAGGGGTTTTTTGCGAGCTCGGTA
CCCAGCCCCGACGAGCTTCATGCCGTTAGTCGCACTGCAAGGGGTGTTATGAGCCATATTCAGGTATAAATGGGCTCGCGATAATGTTCAG
AATTGGTTAATTGGTTGTAACACTGACCCCTATTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATA
AATGCTTCAATAATATTGAAAAAGGAAGAATATGAGCCATATTCAACGGGAAACGTCGAGGCCGCGATTAAATTCCAACATGGACGCTGA
TTTATATGGGTATAAATGGGCTCGCGATAATGTCGGGCAATCAGGTGCGACAATCTATCGCTTGTATGGGAAGCCCGATGCGCCAGAGTTG
TTTCTGAAACATGGCAAAGGTAGCGTTGCCAATGATGTTACAGATGAGATGGTCAGACTAAACTGGCTGACGGAATTTATGCCACTTCCG
ACCATCAAGCATTTTATCCGTACTCCTGATGATGCATGGTTACTCACCACTGCGATCCCCGGAAAAACAGCGTTCCAGGTATTAGAAGAAT
ATCCTGATTCAGGTGAAAATATTGTTGATGCGCTGGCAGTGTTCCTGCGCCGGTTGCACTCGATTCCTGTTTGTAATTGTCCTTTTAACAGC
GATCGCGTCTTCCGTCTTGCACAAGCGCAATCACGAATGAATAACGGTTTGGTTGATGCGAGTGATTTTGATGACGAGCGTAATGGCTGGC
CTGTTGAACAAGTCTGGAAAGAAATGCATAAACTTTTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACTTGATAACCTT
ATTTTTGACGAGGGGAAATTAATAGGTTGTATTGATGTTGGACGAGTCGGAATCGCAGACCGATACCAGGATCTTGCCATTCTATGGAACT
GCCTCGGTGAGTTTTCTCCTTCATTACAGAAACGGCTTTTTCAAAAATATGGTATTGATAATCCTGATATGAATAAATTGCAGTTTCATTTG
ATGCTCGATGAGTTTTTCTAAGCAGAGCATTACGCTGACTTGACGGGACGGCGCAAGCTCATGACCAAAATCCCTTAACGTGAGTTACGC
GCGCGTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCA
AACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTTTTCCGAAGGTAACTGGCTTCAGCAGAGC
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GCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGCCCACCACTTCAAGAACTCTGTAGCACCGCCTACATACCTCGCTCTGCTAA
TCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGGTC
GGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAA
GCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACAGGAGAGCGCACGAGGGAGCTTCCAG
GGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCAGGGGGGCGGAG
CCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTG
ATTCTGTGGATAACCGTATTACCGCCTGCTCGCCGCAGCCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGGCGAGAG
TAGGGAACTGCCAGGCATCAAACTAAGCAGAAGGCCCCTGACGCATGGCCTTTTTGCGTTTCTACAAACTCTTTCTGTGTTGTAAAACGA
CGGCCAGTCTTAAGCTCGGGCCCCTTTTCCGCCAGGGTTTTCCCAGTCACGACGAATTCGATCCGGCTCAAGCTTTTGGACCCTCGTACAG
AAGCTAATACGACTCACTATAGGGAAATAAGAGAGAAAAGAAGAGTAAGAAGAAATATAAGACCCCGGCGCCGCCACCATGTTCGTGTT
CCTGGTGCTGCTGCCCCTGGTGAGCAGCCAGTGCGTGAACCTGATCACCCGGACCCAGAGCTACACCAACAGCTTCACCCGGGGCGTCTA
CTACCCCGACAAGGTGTTCCGGAGCAGCGTCCTGCACAGCACCCAGGACCTGTTCCTGCCCTTCTTCAGCAACGTGACCTGGTTCCACGCC
ATCAGCGGCACCAACGGCACCAAGCGGTTCGACAACCCCGTGCTGCCCTTCAACGACGGCGTGTACTTCGCCAGCACCGAGAAGAGCAA
CATCATCCGGGGCTGGATCTTCGGCACCACCCTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAATAACGCCACCAACGTGGTGATCAA
GGTGTGCGAGTTCCAGTTCTGCAACGACCCCTTCCTGGGCGTGTACTACCACAAGAACAACAAGAGCTGGATGGAGAGCGAGTTCCGGG
TGTACAGCAGCGCCAACAACTGCACCTTCGAGTACGTGAGCCAGCCCTTCCTGATGGACCTGGAGGGCAAGCAGGGCAACTTCAAGAAC
CTGCGGGAGTTCGTGTTCAAGAACATCGACGGCTACTTCAAGATCTACAGCAAGCACACCCCAATCAACCTGGTGCGGGATCTGCCCCAG
GGCTTCTCAGCCCTGGAGCCCCTGGTGGACCTGCCCATCGGCATCAACATCACCCGGTTCCAGACCCTGCTGGCCCTGCACCGGAGCTACC
TGACCCCAGGCGACAGCAGCAGCGGGTGGACAGCAGGCGCGGCTGCTTACTACGTGGGCTACCTGCAGCCCCGGACCTTCCTGCTGAAG
TACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGACCAAGTGCACCCTGAAGAGCTTCACCGTG
GAGAAGGGCATCTACCAGACCAGCAACTTCCGGGTGCAGCCCACCGAGAGCATCGTGCGGTTCCCCAACATCACCAACCTGTGCCCCTTC
GGCGAGGTGTTCAACGCCACCCGGTTCGCCAGCGTGTACGCCTGGAACCGGAAGCGGATCAGCAACTGCGTGGCCGACTACAGCGTGCT
GTACAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGA
CAGCTTCGTGATCCGTGGCAACGAGGTGAGCCAGATCGCACCCGGCCAGACAGGCAACATCGCCGACTACAACTACAAGCTGCCCGACG
ACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAAGCTCGACAGCAAGGTGGGCGGCAACTACATCTACCGGTACCGGCTGTTCCGGA
AGAGCAACCTGAAGCCCTTCGAGCGGGACATCAGCACCGAGATCTACCAAGCCGGCAACAAGCCTTGCAACGGCGTGGCCGGCGTGAAC
TGCTACTTCCCTCTGCAGAGCTACGGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTACCGGGTGGTGGTGCTGAGCTTCGAGCTGC
TGCACGCCCCAGCCACCGTGTGTGGCCCCAAGAAGAGCACCAACCTG

Expression vector found in the P�zer bivalent vaccine
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Figure 6. Pfizer bivalent vaccine vector with SEB/FCS annotated.

>k141_58 flag=1 multi=11090.9518 len=7479
GAGGTGGTGAGTGGGGCAGGTGGAGGTGGGAGCATACCTGGGACCCGAGGTCGGGGGAGACTCGGGGTACCCAGGACGGGAAAGGGG
CAGCTAGCATTGCGTGCATGCAGTACCAGCTCGAGTCATCATGTGTAGTGCAGCTTCACGCCCTTCAGCACGGGCTCGCTGTCGTCCTCGTC
GAACTTGCAGCAGCTGCCGCAGCTGCAACAGCCCTTCAGGCAGCTGCAGCAGCTGGTCATGCAGCACAGCATGATGGTCACCATCACGAT
GGCGATCAGGCCGGCGATGAAGCCCAGCCAGATGTACCAGGGCCACTTGATGTACTGCTCGTACTTGCCCAGCTCCTGCAGGTCGATCAG
GCTCTCGTTCAGGTTCTTGGCCACCTCGTTCAGCCGATCGATCTCCTTCTGGATGTTCACCACGCTGGCGTTGATGCCGCTGATGTCGCCCA
GGTCCACGTCGGGGCTGGTGTGATTCTTGAAGTACTTGTCCAGCTCCTCCTTGAAGCTGTCCAGCTCGGGCTGCAGGGGATCGTACACGGT
GTTGTTCACGATGCCGATCACCACGTCGCAGTTGCCGCTCACGAAGGTGTTGTCGGTGGTGATGATCTGGGGCTCGTAGAAGTTCCGCTGG
GTCACGAACCAGTGGGTGCCGTTGCTCACGAACACGCCCTCCCGGGGAAAGTGGGCCTTGCCGTCGTGGCAGATGGCTGGGGCGGTGGT
GAAGTTCTTCTCCTGGGCGGGCACGTAGGTCACGTGCAGGAACACCACTCCGTGGGGTGCGCTCTGGGGAAAGCTCATCAGGTGGTAGC
CCTTGCCGCAGAAGCCCACCCGCTTGCTCTGGCCCAGCACGCACTCGCTCATCTTGGTGGCGGCCAGGTTGGCGCTGGCCCGAATCTCGGC
GGCCCGGATCAGCTGCTGGGTCACGTAGGTCTGCAGGCTCTGCAGCCGGCCAGTGATCAGCCGGTCGATCTGCACCTCGGCCTCGGGAGG
GTCCAGCCGGCTCAGGATGTCGTTCAGCACGCTGCTGATGGCGCCGAACTTGCTGCTCAGCTGCTTCACCAGGGTGTTCAGGGCCTGGGC
GTTGTGGTTCACCACGTCCTGCAGCTTGCCCAGGGCGCTAGCGGTGCTGCTCAGGCTGTCCTGGATCTTGCCGATGGCGCTGTTGAACTGG
TTGGCGATCAGCTTCTGGTTCTCGTACAGCACGTTCTGGGTCACGCCGATGCCGTTGAACCGGTAGGCCATCTGCATGGCGAAGGGGATCT
GCAGAGCGGCTCCAGCGCCGAAAGTCCAGCCGCTGGTGATGGTTCCGGCTAACAGGGCGCTGGTGTACTGGGCGATCATCTCGTCGGTCA
GCAGGGGAGGCAGCACGGTCAGGCCGTTGAACTTCTGGGCGCAGATCAGGTCCCGGGCGGCTATGTCGCCGAGGCAGTCGCCGTACTGC
TTGATGAAGCCGGCGTCGGCTAGGGTCACCTTGTTGAACAGCAGGTCCTCGATGAAGCTCCGCTTGCTGGGCTTGCTGGGGTCGGGCAGG
ATCTGGCTGAAGTTGAAGCCGCCGAAGTCCTTGATGGGAGGGGTCTTGTAGATCTGCTTCACCTGGGCGAACACCTCCTGGGTGTTCTTGT
CCTGCTCCACGGCGATGCCGGTCAGGGCCCGGTTCAGCTGGGTGCAGAAGCTGCCGTACTGCAGCAGCAGGTTGCTGCACTCGGTGCTGT
CGCCGCAGATGTACATGGTGCAGTCCACGCTGGTCTTGGTCATGCTCACGGGCAGAATCTCGGTGGTCACGCTGATGGTGAAGTTGGTGG
GGATGGCGATGCTGTTGTTGCTGTAGGCCACGCTGTTCTCGGCGCCCAGGCTCATGGTGTAGGCGATGATGCTCTGGCTGGCCACGCTCCT
TGCCCTCCGGGGTGAATTGGTCTGGGTCTGGTAGCTGGCACAGATGCCGGCGCCGATGGGGATGTCGCACTCGTAGCTGTTGTTCACGTGC
TCGGCGCCGATCAGGCAACCGGCCCGGGTCTGGAACACGTTGCTGCCGGTGCTGTAGACCCGCCAGGTGGGTGTCAGCTGGTCGGCGTGG
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ATGGCCACGGGCACCTCGGTGCAGTTCACACCCTGGTACAGCACGGCCACCTGGTTGCTGGTGTTGGTGCCTGGGGTGATCACGCTCACG
CCGCCGAAGCTGCAAGGGGTGATGTCCAGGATCTCCAGGGTCTGGGGATCCCGCACAGCGTCGGTGGTGTCGGCGATGTCCCGGCCGAAC
TGCTGAAAGGGCAGGAATTTCTTGTTGCTCTCGGTCAGCACGCCGGTGCCGGTAAGGCCGTTGAAGTTGAAGTTCACGCACTTGTTCTTC
ACCAGGTTGGTGCTCTTCTTGGGGCCACACACGGTGGCTGGGGCGTGCAGCAGCTCGAAGCTCAGCACCACCACCCGGTAGGGCTGGTG
GCCCACGCCGTAGGTGGGCCGGAAGCCGTAGCTCTGCAGAGGGAAGTAGCAGTTCACGCCGGCCACGCCGTTGCAAGGCTTGTTGCCGG
CTTGGTAGATCTCGGTGCTGATGTCCCGCTCGAAGGGCTTCAGGTTGCTCTTCCGGAACAGCCGGTACCGGTAGTTGTAGTTGCCGCCCAC
CTTGCTGTCGAGCTTGTTGCTGTTCCAGGCGATCACGCAGCCGGTGAAGTCGTCGGGCAGCTTGTAGTTGTAGTCGGCGATGTTGCCTGTC
TGGCCGGGTGCGATCTGGCTCACCTCGTTGCCACGGATCACGAAGCTGTCGGCGTACACGTTGGTGAAGCACAGGTCGTTCAGCTTGGTG
GGGCTCACGCCGTAGCACTTGAAGGCGAAGAATGGGGCGAAGTTGTACAGCACGCTGTAGTCGGCCACGCAGTTGCTGATCCGCTTCCG
GTTCCAGGCGTACACGCTGGCGAACCGGGTGGCGTTGAACACCTCGTCGAAGGGGCACAGGTTGGTGATATTGGGGAACCGCACGATGG
ATTCGGTGGGCTGCACCCGGAAGTTGCTGGTCTGGTAGATGCCCTTTTCCACGGTGAAGGACTTCAGGGTGCACTTTGTCTCGCTCAGAG
GATCCAGAGCACAATCCACGGCGTCGGTGATGGTGCCGTTCTCGTTGTACTTCAGCAGGAAGGTTCTAGGCTGCAGGTAGCCCACATAGT
AAGCGGCGGCACCAGCTGTCCATCCGCTGCTGCTATCGCCAGGTGTCAGGTAGCTTCTGTGCAGGGCCAGCAGTGTCTGAAACCGGGTGA
TGTTGATGCCGATGGGCAGATCCACCAGGGGTTCCAGAGCAGAGAAGCCCTGAGGCAGATCCCGCACGAGGTTGATAGGGGTGTGCTTG
CTGTAGATCTTGAAGTAGCCGTCGATGTTCTTAAACACGAACTCGCGCAGGTTCTTGAAGTTGCCCTGCTTGCCTTCCAGGTCCATCAGGA
AAGGCTGGGACACGTACTCGAAGGTGCAGTTGTTGGCGCTGCTGTACACCCGGAACTCGCTTTCCATCCAGCTCTTGTTGTTCTTGTGGTA
GTAGACGCCCAGGAAGGGGTCGTTGCAGAACTGGAACTCGCACACTTTGATGACCACGTTGGTGGCGTTGTTCACGATCAGCAGGCTCTG
GGTCTTGCTGTCCAGTGTGGTGCCGAAGATCCAGCCTCTGATGATGTTGGACTTCTCGGTGCTGGCAAAGTACACCCCGTCGTTGAAGGGC
AGCACGGGGTTGTCGAATCTCTTGGTGCCATTGGTGCCGGAGATGGCGTGGAACCAGGTCACGTTGCTGAAGAAAGGCAGGAACAGGTC
CTGGGTAGAGTGCAGCACGCTGGATCTGAACACCTTGTCGGGGTAGTACACGCCTCTGGTAAAGCTGTTGGTGTAGGCTGGAGGCAGCTG
TGTTCTGGTGGTCAGGTTCACACACTGGCTGGACACCAGAGGCAGCAGCACCAGGAACACGAACATGGTGGCGGGTTCTCTCTGAGTCT
GTGGGGACCAGAAGAATACTAGTTTATTCTTATAGTGAGTCGTATTAATTAATAACTAATGCATGGCGGTAATACGGTTATCCACAGAATCA
GGGGATAACGCAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATA
GGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAAGATACCAGGCGTTTC
CCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTTT
CTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGC
TGCGCCTTATCCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCA
GAGCGAGGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGAACAGTATTTGGTATCTGCGCTC
TGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCA
CGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAAATCAATCTAAAGTA
TATATGAGTAACCTGAGGCTATGGCAGGGCCTGCCGCCCCGACGTTGGCTGCGAGCCCTGGGCCTTCACCCGAACTTGGGGGGTGGGGTG
GGGAAAAGGAAGAAACGCGGGCGTATTGGCCCCAATGGGGTCTCGGTGGGGTATCGACAGAGTGCCAGCCCTGGGACCGAACCCCGCGT
TTATGAACAAACGACCCAACACCGTGCGTTTTATTCTGTCTTTTTATTGCCGTCATAGCGCGGGTTCCTTCCGGTATTGTCTCCTTCCGTGTT
TCAGTTAGCCTCCCCCTAGGGTGGGCGAAGAACTCCAGCATGAGATCCCCGCGCTGGAGGATCATCCAGCCGGCGTCCCGGAAAACGATT
CCGAAGCCCAACCTTTCATAGAAGGCGGCGGTGGAATCGAAATCTCGTGATGGCAGGTTGGGCGTCGCTTGGTCGGTCATTTCGAACCCC
AGAGTCCCGCTCAGAAGAACTCGTCAAGAAGGCGATAGAAGGCGATGCGCTGCGAATCGGGAGCGGCGATACCGTAAAGCACGAGGAA
GCGGTCAGCCCATTCGCCGCCAAGTTCTTCAGCAATATCACGGGTAGCCAACGCTATGTCCTGATAGCGGTCCGCCACACCCAGCCGGCCA
CAGTCGATGAATCCAGAAAAGCGGCCATTTTCCACCATGATATTCGGCAAGCAGGCATCGCCATGGGTCACGACGAGATCCTCGCCGTCG
GGCATGCTCGCCTTGAGCCTGGCGAACAGTTCGGCTGGCGCGAGCCCCTGATGTTCTTCGTCCAGATCATCCTGATCGACAAGACCGGCTT
CCATCCGAGTACGTGCTCGCTCGATGCGATGTTTCGCTTGGTGGTCGAATGGGCAGGTAGCCGGATCAAGCGTATGCAGCCGCCGCATTGC
ATCAGCCATGATGGATACTTTCTCGGCAGGAGCAAGGTGAGATGACAGGAGATCCTGCCCCGGCACTTCGCCCAATAGCAGCCAGTCCCT
TCCCGCTTCAGTGACAACGTCGAGCACAGCTGCGCAAGGAACGCCCGTCGTGGCCAGCCACGATAGCCGCGCTGCCTCGTCTTGCAGTTC
ATTCAGGGCACCGGACAGGTCGGTCTTGACAAAAAGAACCGGGCGCCCCTGCGCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCG
ATTGTCTGTTGTGCCCAGTCATAGCCGAATAGCCTCTCCACCCAAGCGGCCGGAGAACCTGCGTGCAATCCATCTTGTTCAATCATGCGAA
ACGATCCTCATCCTGTCTCTTGATCGATCTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAATAGCTCAGAGGCCG
AGGCGGCCTCGGCCTCTGCATAAATAAAAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGGGAT
GGGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGATGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCC
ACACCCTAACTGACACACATTCCACAGCTGGTTCTTTCCGCCTCAGGATTCTTCCTTTTTCAATATTATTGAAGCATTTATCAGGGTTATTGT
CTCATGAGCGGATACATATTTGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCACCTGACGCGC
CCTGTAGCGGCGCATTAAGCGCGGCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAGCGCCCGCTCCTTTCGC
TTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTCCCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACG
GCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGCCATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAG
TCCACGTTCTTTAATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTATTCTTTTGATTTATAAGGGATTTTGCCG
ATTTCGGCCTATTGGTTAAAAAATGAGCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAATTTACGCGTTAA
GATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTTGTGAAATTTGTGATGCTATTGCTTTATTTGT
AACCATTATAAGCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGGTGTGGGAGGTTTTTTA
AAGCAAGTAAAACCTCTACAAATGTGGTATGGCTGATTATGATCATGAACAGACTGTGAGGACTGAGGGGCCTGAAATGAGCCTTGGGA
CTGTGAATCTAAAATACACAAACAATTAGAATCAGTAGTTTAACACATTATACACTTAAAAATTGGATCTCCATTCGCCATTCAGGCTGCG
CAACTGTTGGGAAGGGCGATGTTAAACGGCGGAGCTACCACACCGGTTGGAGCTCTTCTTTTTTTTTTTTTTTT
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Figure 7. This assembly split the spike protein likely due to omicron and
Wuhan-1s divergence. As a result there is 702bp of spike protein duplicated

on the ends of the molecule at the noon hash mark.

>k141_4 flag=0 multi=20285.8167 len=8652
GGGCTTCTCTGCTCTGGAACCCCTGGTGGATCTGCCCATCGGCATCAACATCACCCGGTTTCAGACACTGCTGGCCCTGCACAGAAGCTAC
CTGACACCTGGCGATAGCAGCAGCGGAGGGACAGCTGGTGCCGCCGCTTACTATGTGGGCTAACTGCAGCCTAGAACCTTCCTGCTGAAG
TACAACGAGAACGGCACCATCACCGACGCCGTGGACTGCGCCCTGGACCCTCTGAGCGAGACCACGTGCACCCTGAAGAGCTTCACCGTG
GAGAAGGGCATCTACCAGACCAGCAACTTCCGGGTGCAGCCCACCGAGAGCATCGTGCGGTTCCCCAACATCACCAACCTGTGCCCCTTC
GGCGAGGTGTTCAACGCCACCCGGTTCGCCAGCGTGTACGCCTGGAACCGGAAGCGGATCAGCAACTGCGTGGCCGACTACAGCGTGCT
GTACAACAGCGCCAGCTTCAGCACCTTCAAGTGCTACGGCGTGAGCCCCACCAAGCTGAACGACCTGTGCTTCACCAACGTGTACGCCGA
CAGCTTCGTGATCCGTGGCGACGAGGTGCGGCAGATCGCACCCGGCCAGACAGGCAAGATCGCCGACTACAACTACAAGCTGCCCGACG
ACTTCACCGGCTGCGTGATCGCCTGGAACAGCAACAACCTCGACAGCAAGGTGGGCGGCAACTACAACTACCTGTACCGGCTGTTCCGGA
AGAGCAACCTGAAGCCCTTCGAGCGGGACATCAGCACCGAGATCTACCAAGCCGGCTCCACCCCTTGCAACGGCGTGGAGGGCTTCAAC
TGCTACTTCCCTCTGCAGAGCTACGGCTTCCAGCCCACCAACGGCGTGGGCTACCAGCCCTACCGGGTGGTGGTGCTGAGCTTCGAGCTGC
TGCACGCCCCAGCCACCGTGTGTGGCCCCAAGAAGAGCACCAACCTGGTGAAGAACAAGTGCGTGAACTTCAACTTCAACGGCCTTACCG
GCACCGGCGTGCTGACCGAGAGCAACAAGAAATTCCTGCCCTTTCAGCAGTTCGGCCGGGACATCGCCGACACCACCGACGCTGTGCGG
GATCCCCAGACCCTGGAGATCCTGGACATCACCCCTTGCAGCTTCGGCGGCGTGAGCGTGATCACCCCAGGCACCAACACCAGCAACCAG
GTGGCCGTGCTGTACCAGGGTGTGAACTGCACCGAGGTGCCCGTGGCCATCCACGCCGACCAGCTGACACCCACCTGGCGGGTCTACAGC
ACCGGCAGCAACGTGTTCCAGACCCGGGCCGGTTGCCTGATCGGCGCCGAGCACGTGAACAACAGCTACGAGTGCGACATCCCCATCGGC
GCCGGCATCTGTGCCAGCTACCAGACCCAGACCAATTCACCCCGGAGGGCAAGGAGCGTGGCCAGCCAGAGCATCATCGCCTACACCATG
AGCCTGGGCGCCGAGAACAGCGTGGCCTACAGCAACAACAGCATCGCCATCCCCACCAACTTCACCATCAGCGTGACCACCGAGATTCTG
CCCGTGAGCATGACCAAGACCAGCGTGGACTGCACCATGTACATCTGCGGCGACAGCACCGAGTGCAGCAACCTGCTGCTGCAGTACGGC
AGCTTCTGCACCCAGCTGAACCGGGCCCTGACCGGCATCGCCGTGGAGCAGGACAAGAACACCCAGGAGGTGTTCGCCCAGGTGAAGCA
GATCTACAAGACCCCTCCCATCAAGGACTTCGGCGGCTTCAACTTCAGCCAGATCCTGCCCGACCCCAGCAAGCCCAGCAAGCGGAGCTT
CATCGAGGACCTGCTGTTCAACAAGGTGACCCTAGCCGACGCCGGCTTCATCAAGCAGTACGGCGACTGCCTCGGCGACATAGCCGCCCG
GGACCTGATCTGCGCCCAGAAGTTCAACGGCCTGACCGTGCTGCCTCCCCTGCTGACCGACGAGATGATCGCCCAGTACACCAGCGCCCTG
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TTAGCCGGAACCATCACCAGCGGCTGGACTTTCGGCGCTGGAGCCGCTCTGCAGATCCCCTTCGCCATGCAGATGGCCTACCGGTTCAACG
GCATCGGCGTGACCCAGAACGTGCTGTACGAGAACCAGAAGCTGATCGCCAACCAGTTCAACAGCGCCATCGGCAAGATCCAGGACAGC
CTGAGCAGCACCGCTAGCGCCCTGGGCAAGCTGCAGGACGTGGTGAACCAGAACGCCCAGGCCCTGAACACCCTGGTGAAGCAGCTGAG
CAGCAACTTCGGCGCCATCAGCAGCGTGCTGAACGACATCCTGAGCCGGCTGGACCCTCCCGAGGCCGAGGTGCAGATCGACCGGCTGAT
CACTGGCCGGCTGCAGAGCCTGCAGACCTACGTGACCCAGCAGCTGATCCGGGCCGCCGAGATTCGGGCCAGCGCCAACCTGGCCGCCAC
CAAGATGAGCGAGTGCGTGCTGGGCCAGAGCAAGCGGGTGGACTTCTGCGGCAAGGGCTACCACCTGATGAGCTTTCCCCAGAGCGCAC
CCCACGGAGTGGTGTTCCTGCACGTGACCTACGTGCCCGCCCAGGAGAAGAACTTCACCACCGCCCCAGCCATCTGCCACGACGGCAAAG
CCCACTTTCCTAGAGAAGGCGTGTTCGTGTCCAACGGCACCCATTGGTTCGTGACACAGCGGAACTTCTACGAGCCCCAGATCATCACCAC
CGACAACACCTTCGTGTCTGGCAACTGCGACGTCGTGATCGGCATTGTGAACAATACCGTGTACGACCCTCTGCAGCCCGAGCTGGACAGC
TTCAAAGAGGAACTGGACAAGTACTTTAAGAACCACACAAGCCCCGACGTGGACCTGGGCGATATCAGCGGAATCAATGCCAGCGTCGT
GAACATCCAGAAAGAGATCGACCGGCTGAACGAGGTGGCCAAGAATCTGAACGAGAGCCTGATCGACCTGCAAGAACTGGGGAAGTAC
GAGCAGTACATCAAGTGGCCCTGGTACATCTGGCTGGGCTTTATCGCCGGACTGATTGCCATCGTGATGGTCACAATCATGCTGTGTTGCAT
GACCAGCTGCTGTAGCTGCCTGAAGGGCTGTTGTAGCTGTGGCAGCTGCTGCAAGTTCGACGAGGACGATTCTGAGCCCGTGCTGAAGG
GCGTGAAACTGCACTACACATGATGACTCGAGCTGGTACTGCATGCACGCAATGCTAGCTGCCCCTTTCCCGTCCTGGGTACCCCGAGTCTC
CCCCGACCTCGGGTCCCAGGTATGCTCCCACCTCCACCTGCCCCACTCACCACCTCTGCTAGTTCCAGACACCTCCCAAGCACGCAGCAATG
CAGCTCAAAACGCTTAGCCTAGCCACACCCCCACGGGAAACAGCAGTGATTAACCTTTAGCAATAAACGAAAGTTTAACTAAGCTATACT
AACCCCAGGGTTGGTCAATTTCGTGCCAGCCACACCCTGGAGCTAGCAAAAAAAAAAAAAGAAGAGCTCCAACCGGTGTGGTAGCTCCG
CCGTTTAACATCGCCCTTCCCAACAGTTGCGCAGCCTGAATGGCGAATGGAGATCCAATTTTTAAGTGTATAATGTGTTAAACTACTGATTC
TAATTGTTTGTGTATTTTAGATTCACAGTCCCAAGGCTCATTTCAGGCCCCTCAGTCCTCACAGTCTGTTCATGATCATAATCAGCCATACCA
CATTTGTAGAGGTTTTACTTGCTTTAAAAAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGTTGTTAACTTG
TTTATTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTT
GTCCAAACTCATCAATGTATCTTAACGCGTAAATTGTAAGCGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGTTAAATCAGCTCATTTT
TTAACCAATAGGCCGAAATCGGCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTCCAGTTTGGAACAAGA
GTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGAACCATCACCCTAAT
CAAGTTTTTTGGGGTCGAGGTGCCGTAAAGCACTAAATCGGAACCCTAAAGGGAGCCCCCGATTTAGAGCTTGACGGGGAAAGCCGGCG
AACGTGGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGGGCGCTAGGGCGCTGGCAAGTGTAGCGGTCACGCTGCGCGTAACCACC
ACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTCT
AAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAATCCTGAGGCGGAAA
GAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTA
GTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCCTAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTT
TTTTATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTGAGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAA
AGATCGATCAAGAGACAGGATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCGGCCGCTTGGGTGGAGAGG
CTATTCGGCTATGACTGGGCACAACAGACAATCGGCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTTTTTG
TCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGCGCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAG
CTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTC
CTGCCGAGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCACCAAGCGAAACA
TCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTGTCGATCAGGATGATCTGGACGAAGAACATCAGGGGCTCGCGCCAGCCG
AACTGTTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATGCCTGCTTGCCGAATATCATGGTGG
AAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGC
TGAAGAACTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGCCTTC
TTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCAAGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGC
CGCCTTCTATGAAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAGCGCGGGGATCTCATGCTGGAGTTCTTC
GCCCACCCTAGGGGGAGGCTAACTGAAACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAAAGACAGAATA
AAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTCGGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGG
GCCAATACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGGCCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGG
CCCTGCCATAGCCTCAGGTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGATCTAGGTGAAGATCCTTTTTG
ATAATCTCATGACCAAAATCCCTTAACGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGATCTTCTTGAGATCC
TTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAACCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTT
TTTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCTAGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTG
TAGCACCGCCTACATACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTCGTGTCTTACCGGGTTGGACTCAAGA
CGATAGTTACCGGATAAGGCGCAGCGGTCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACCTACACCGAACT
GAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTCCCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGA
ACAGGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTCCTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGA
TTTTTGTGATGCTCGTCAGGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTTT
GCTCACATGTTCTTTCCTGCGTTATCCCCTGATTCTGTGGATAACCGTATTACCGCCATGCATTAGTTATTAATTAATACGACTCACTATAAGA
ATAAACTAGTATTCTTCTGGTCCCCACAGACTCAGAGAGAACCCGCCACCATGTTCGTGTTCCTGGTGCTGCTGCCTCTGGTGTCCAGCCAG
TGTGTGAACCTGACCACAAGAACACAGCTGCCTCCAGCCTACACCAACAGCGTTACCAGAGGCGTGTACTACCCCGACAAGGTGTTCAGA
TCCAGCGTGCTGCACTCTACCCAGGACCTGTTCCTGCCTTTCTTCAGCAACGTGACCTGGTTCCACGCCATCTCCGGCACCAATGGCACCAA
GAGATTCGACAACCCCGTGCTGCCCTTCAACGACGGGGTGTACTTTGCCAGCACCGAGAAGTCCAACATCATCAGAGGCTGGATCTTCGG
CACCACACTGGACAGCAAGACCCAGAGCCTGCTGATCGTGAACAACGCCACCAACGTGGTCATCAAAGTGTGCGAGTTCCAGTTCTGCAA
CGACCCCTTCCTGGACGTCTACTACCACAAGAACAACAAGAGCTGGATGGAAAGCGAGTTCCGGGTGTACAGCAGCGCCAACAACTGCA
CCTTCGAGTACGTGTCCCAGCCTTTCCTGATGGACCTGGAAGGCAAGCATGGCAACTTCAAGAACCTGCGCGAGTTCGTGTTTAAGAACA
TCGACGGCTACTTCAAGATCTACAGCAAGCACACCCCTATCAACCTCGTGCGGGATCTGCCTCAGGGCTTCTCTGCTCTGGAACCCCTGGT
GGATCTGCCCATCGGCATCAACATCACCCGGTTTCAGACACTGCTGGCCCTGCACAGAAGCTACCTGACACCTGGCGATAGCAGCAGCGG
ATGGACAGCTGGTGCCGCCGCTTACTATGTGGGCTACCTGCAGCCTAGAACCTTCCTGCTGAAGTACAACGAGAACGGCACCATCACCGA
CGCCGTGGATTGTGCTCTGGATCCTCTGAGCGAGACAAAGTGCACCCTGAAGTCCTTCACCGTGGAAAAGGGCATCTACCAGACCAGCAA
CTTCCGGGTGCAGCCCACCGAATCCATCGTGCGGTTCCCCAATATCACCAATCTGTGCCCCTTCGGCGAGGTGTTCAATGCCACCAGATTCG
CCTCTGTGTACGCCTGGAACCTGAAGCGGATCAGCAATTGCGTGGCCGACTACTCCGTGCTGTACAACTCCGCCAGCTTCAGCACCTTCAA
GTGCTACGGCGTGTCCCCTACCAAGCTGAACGACCTGTGCTTCACAAACGTGTACGCCGACAGCTTCGTGATCCGGGGAAACGAAGTGCG
GCAGATTGCCCCTGGACAGACAGGCAACATCGCCGACTACAACTACAAGCTGCCCGACGACTTCACCGGCTGTGTGATTGCCTGGAACAG



CAACAAGCTGGACTCCAAAGTCGGCGGCAACTACAATTACAGGTACCGGCTGTTCCGGAAGTCCAATCTGAAGCCCTTCGAGCGGGACAT
CTCCACCGAGATCTATCAGGCCGGCAACAAGCCTTGTAACGGCGTGGCAGGCGTGAACTGCTACTTCCCACTGCAGTCCTACGGCTTTAGG
CCCACATACGGCGTGGGCCACCAGCCCTACAGAGTGGTGGTGCTGAGCTTCGAACTGCTGCATGCCCCTGCCACAGTGTGCGGCCCTAAG
AAAAGCACCAATCTCGTGAAGAACAAATGCGTGAACTTCAACTTCAACGGCCTGACCGGCACCGGCGTGCTG

Of interest, this Moderna vaccine vector sequence has 99.8% identical sequence to the
plasmids discovered in Pseudomonas aeruginosa samples which were famously edited
from NCBI a�er spike protein sequence was identi�ed in them. At the time, there was a
healthy debate regarding if these plasmids would remain at high copy number in their

host without any antibiotic selective pressure. The depth of coverage for the spike
containing plasmids was 10X lower than the pseudomonas genome reads while other
native pseudomonas plasmids were 50X higher in coverage than the pseudomonas
genome. This led me to believe this spike plasmid was more likely a contamination
event during the sequencing process as high copy plasmids should have higher copy

number than their host genomes as evidenced by the native pseudomonas plasmids
present in the assembly. This remains an unsettled debate.

I had not considered if the patients in this pseudomonas study had been vaccinated with
a vaccine containing high amounts of contaminating expression plasmids. How long do
these plasmids replicate in mammalian systems without Neo or Kan selection? Were
these patients ever treated with such antibiotics due to their pseudomonas infection?

Would this selection have worked given many pseudomonas are natively resistant to
Neo and Kan already? The lack of public transparency on these liability free products
leaves many questions.
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Figure 8. BLAST alignment of the Moderna vector to the Pseudomonas
vector.

P�zer expression vector blasted to Pseudomonas aeruginosa spike plasmid.
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Figure 9. BLAST analysis of the Pfizer vector to the Pseudomonas vector.

The EMA set limits for dsDNA contamination at less than 330ng/mg RNA. This is

roughly 1 part per 3,030 mRNA molecules. It is not clear how they set these standards.
For instance, a shot containing 34 trillion mRNAs with a 1 part per 3,000 plasmid
contamination rate would equate to over 10 billion antibiotic resistant plasmids being
transfected per patient. The sequencing evidence we now have on hand con�rms that
most of this DNA is in-fact the expression plasmid DNA, complete with spike protein,

SV40 mammalian expression promoters, aminoglycoside antibiotic resistance and high
copy origins of replication that are compatible with both mammalian expression and
bacterial ampli�cation.

One can make a quick estimate of the relative ratio of the vector to insert nucleic acids
by looking at the maximum depth of coverage of the insert versus the vector. Moderna

vial 2 has 739X maximum coverage over the vector and 2.2 million X coverage over the
insert. This equates to 1 vector for every 3,000 mRNAs.
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Figure 10. Read depth analysis of Moderna vial 2 for the vector and insert
sequences.

The P�zer vials have an order of magnitude higher rates of contamination. This is
consistent with the fragment analysis having more o�-target peaks.

Figure 11. Read Depth analysis of the Pfizer bivalent vial 1.
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Since both DNA and RNA are being measured with this method, these estimates should
be con�rmed with qPCR using DNase and RNases to re�ne the ratio. Now that the
sequence of the contaminating nucleic acid is published above, these assays can be built

and used to monitor lot to lot contamination.

One can take the strandedness information in the sequencing data and discern which
parts of the assembly are comprised of watson and crick strands (DNA) and which parts
contain mostly crick strands (sense strands or mRNA). You can see this analysis
pinpoints the T7 Promoter at base 2200 in the Moderna vial 1 vector. This is unequivocal

evidence that the contaminating vector sequence is double stranded DNA and not RNA.

Figure 12. Watson vs Crick Read depth analysis. When Crick strand coverage
minus Watson strand coverage = 0, you have DNA. When it’s imbalanced,

you have mostly sense strand mRNA.

What is not shown in the EMA documents is the e�ciency of linearizing this plasmid

which may help to limit its capacity to amplify in the host. Many linear ampli�able
plasmids exist and this in no way guarantees faster clearance of the plasmid but
methods should be described to ascertain the e�ciency and completion of this step of
the vaccine manufacturing process.
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The paired-end reads in this study may help to answer this question as the assembler we
utilized was not programmed to assess circularity of the contigs.

Figure 13. EMA residual DNA template guidelines are not met with the
contamination seen in Pfizer vials sequenced.

Transcriptional error

The sequencing data exceeds 1 million X coverage over the mRNAs. The vertical colored
hash marks in the grey horizontal reads (below IGV screenshot) are errors. These errors
can be a result of multiple factors.

1)T7 polymerase mis-incorporations while synthesizing vaccine mRNA from the
expression plasmids found contaminating these vaccines. Since this step uses the error

prone nucleotide m1Ψ, transcriptional errors are expected to increase 200-300% (Chen et
al).

2)Reverse Transcriptase used to turn this modi�ed mRNA into DNA for Illumina
sequencing. These RT enzymes are known to be error prone (10^-4). Their error rate
likely increases with the use of m1Ψ as a template.

3)PCR and sequencing error. These errors can be detected and addressed by eliminating
duplicate reads, optical duplicates and quality �ltering the sequencing date.

It will be interesting to monitor the sequencing errors in the DNA plasmid backbone
compared to the sequencing errors seen in the spike protein as this would help to
resolve the source of the error. The plasmid backbone is more faithfully replicated as

DNA and has never been derived from m1Ψ templates. The mRNA, will have gone
through 2 polymerase steps with a low �delity nucleotide (m1Ψ). A comparison of the
error rates in the backbone of the plasmid vs the error rates in the transcribed region of

https://www.nature.com/articles/s41467-022-32832-w
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the plasmid would help itemize the error induced with the use of an error prone
nucleotide.

Given the high depth of coverage, future work will focus on Q30 �ltering (1 error per

10^3) all of the reads to eliminate errors that could introduced by the sequencer and
reassess if transcriptional error can be detected without UMIs.

Figure 14. Reads mapped back to the Megahit assembly of the Moderna
Bivalent vaccine vial 1.
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Figure 15. Reads mapped back to the megahit assemblies delivers two
haplotypes for the spike protein. Wuhan-1 and Omicron are diverged enough

that the assembler splits these Spike protein sequence into two contigs.

To survey transcriptional error rates estimated to be 1:3,000-4,000 in frequency
described by Chen et al., Unique Molecular Identi�ers are o�en (UMIs) required.

https://dnatech.genomecenter.ucdavis.edu/faqs/what-are-umis-and-why-are-they-used-in-high-throughput-sequencing/#:~:text=UMI%20is%20an%20acronym%20for,%E2%80%9D%20or%20%E2%80%9CRandom%20Barcodes%E2%80%9D.
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Figure 16. depiction of UMIs for error correcting reads.

This work was performed to establish a baseline sequence for the bivalent vaccines and
was not designed with UMIs. Future work may explore this.

Discussion

Contamination of double stranded DNA (dsDNA) in these vaccines is a signi�cant
concern. The EMA speci�ed dsDNA limits in this vaccines below 0.33% (330pg/mg).
This is roughly 1 DNA molecule for 3,000 mRNA molecules. While the Moderna
vaccines are meeting this speci�cation, the P�zer vaccines are 10 fold higher in
contamination with 1 DNA molecule per 350 mRNAs. This is 1 replication competent

plasmid per 350 mRNA molecules and equates to billions of antibiotic resistant
plasmids injected per person per shot.

There are library construction artifacts that might skew the assessment of
transcriptional error. m1Ψ is known to stall polymerases and induce higher rates of
polymerase error. This may enable more e�cient �rst strand synthesis from the plasmid
DNA compared to the modi�ed RNA. However, such high levels of polymerase

inhibition would raise questions regarding the �delity of the transcription using m1Ψ

The EMA had good reason to monitor the dsDNA levels in the vaccines. DsDNA
injections can induce type I interferon responses via STING in mammals. If these
dsDNAs are packaged into LNPs, they can transfect and transform both mammalian and
bacterial cells in the patients microbiome. Its not clear how the EMA settled on their

acceptable dsDNA contamination and if they had considered contaminating DNA that
was capable of amplifying inside the host.

The vectors contain mammalian promoters, bacterial origins of replication in addition
to the neomycin and kanamycin resistance genes. Circular plasmids like this are used
for stable transfection and continued expression of genes in mammalian cells with the

strong SV40 promoter. This could lead to prolonged spike expression in patients
injected with these constructs. Bacteria transformed with these plasmids would
replicate 50-300 copies of the plasmid per cell. It is not know if the bacteria would also

https://www.frontiersin.org/articles/10.3389/fimmu.2022.861710/full


express the spike protein in these plasmids but the presence of T7 promoters in some of
the vectors implies this is likely.

Patient use of neomycin or kanamycin a�er vaccination with these plasmids could

enable the the selection of neomycin and kanamycin resistant bacteria in the gut
microbiome. It is unclear if the spike protein in these expression vectors is expressed in
bacteria. Nevertheless, inoculating billions of people with dual antibiotic resistance,
high-copy number plasmids could be a step backwards in our �ght against antibiotic
resistance. Do these expression vectors transform the gut microbiome? How many

copies of the mammalian plasmid expression vectors are replicated post vaccine
transfection?

Arkmedic covers a biodistribution study that demonstrates LNP localization to the large
intestine in 48hrs. Even if 1% of the LNPs localize to the intestines, bacteria could
amplify these plasmids to far higher levels given the high copy origin of replication in
the vectors. While LNPs are more e�ective at transfection of mammalian cell

membranes than bacterial cell walls, most E.coli is readily transformed at 37C with
naked DNA. Patients with fevers will improve the transformation e�ciency.

Jessica Rose noted (personal communication) there are over 40 patient submission to
VAERs with Neomycin or Kanamycin in their description. This number is hard to place
into context as not all VAERs submissions include the antibiotic use of the victims.

In summary, there is a paucity of public information on the sequence �delity and
nucleic acid purity used in these vaccines. To our knowledge, this is the �rst deep
sequencing of these products and the �rst time expression plasmids have been
discovered in the vaccines. These are potent contaminants in the vaccines being
administered to children. Billions of these contaminants per injection is likely an under

estimate of their the entire burden as these plasmids can self replicate in bacterial hosts.
Multiple studies have demonstrated prolonged vaccine mRNA clearance. This could be
the result of the m1Ψ in the mRNA or the transfection or transformation of DNA based
expression vectors. The introduction of billions of antibiotic resistance genes in high
copy replication competent plasmids should evoke concerns over accelerating global
antibiotic resistance.
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