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Sequence	Analysis	of	Pfizer	and	Moderna COVID-19	Vaccines



SARS-CoV-2	
Infection	and	

Immune	Response

https://www.nature.com/articles/d41586-020-01221-y



RNA	COVID-19	Vaccines	
Rely	on	Cell	to	Express	

Spike	Protein

https://www.nature.com/articles/d41586-020-01221-y



The	$1000	Genome	Is	Revolutionizing	How	We	Study	
Biology	and	Practice	Medicine

$2.7B	Over	Decade $1000	in	~3	Days



Whole Genome Shotgun Sequencing
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...ATCCGTAAATGGGCT

...ATCCGTAAATGGGCTGATACTACTAATGC
TGGGCTGATACTACTAATGCCAAACTGTACTAGTCCTG...

TGCCAAACTGTACTAGTCCTG...

...ATCCGTAAATGGGCTGATACTACTAATGCCAAACTGTACTAGTCCTG...
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Determine
Consensus
Sequence

Illumina	Flow	Cell



Black Friday Sale (Nov. 25, 2020)

Your Own Genome Sequenced (30x Coverage)



Illumina	MiSeq in	Hitchner Hall	at	UMaine



What	are	the	sequences	of	the	RNA	in	the	Pfizer	and	
Moderna COVID-19	Vaccines?

https://github.com/NAalytics/Assemblies-of-putative-SARS-CoV2-spike-encoding-mRNA-sequences-for-vaccines-BNT-162b2-and-mRNA-1273



Pfizer	Sequence Moderna Sequence

https://github.com/NAalytics/Assemblies-of-putative-SARS-CoV2-spike-encoding-mRNA-sequences-for-vaccines-BNT-162b2-and-mRNA-1273/blob/main/Figure1Figure2_032321.fasta



What	do	we	want	to	learn	about	the	sequences?

•
•
•
•
•
•
•
•
•
•
•



Sequence	Analysis	Workflow
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What	viral	protein(s)	could	be	encoded	by	the	sequences?
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How	similar	are	the	sequences?
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BLASTX	vs.	All	Proteins	@	NCBI

Paste	the	Pfizer	
sequence	here

https://www.ncbi.nlm.nih.gov/



ORF	Finder	@	NCBI
Paste	the	Pfizer	
sequence	here

https://www.ncbi.nlm.nih.gov/orffinder/
Run	BLAST	with	“Non-redundant	protein	sequences	(nr)”

Select	“ORF1”





Clustal Omega	@	EBI
Paste	the	Pfizer	and	Moderna
sequences	here

https://www.ebi.ac.uk/Tools/msa/clustalo/



https://github.com/NAalytics/Assemblies-of-putative-SARS-CoV2-spike-
encoding-mRNA-sequences-for-vaccines-BNT-162b2-and-mRNA-
1273/blob/main/Assemblies%20of%20putative%20SARS-CoV2-spike-
encoding%20mRNA%20sequences%20for%20vaccines%20BNT-
162b2%20and%20mRNA-1273.docx.pdf



SARS-CoV-2	Genome	Sequencing	Update
• 3,035,314	million	genomes	worldwide
• 812,520	genomes	from	US
• 5,537	genomes	from	Maine

• 583	are	Variant	of	Concern(VOC)	Delta
• 939	VOC	Alpha	(“UK	Variant”)
• 296	VOC	Iota
• 121	VOC	Gamma
• 108	VOC	Zeta
• 8	VOC	Eta
• 4	VOC	Beta
• 1	VOC	Lambda
• 0	VOC	Kappa
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