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Sequence Analysis of Nucleocapsid Protein from SARS-CoV-2 
Variants

Dear Valued Customer,

The purpose of this communication is to provide you with more information regarding the SARS-CoV-2 
variants.

Background:  Genomic sequence analysis of SARS-CoV-2 isolates from around the world shows distinct 
patterns relative to originally isolated strains.  This has led to the classification of unique variants of the 
virus that contain mutations in the virus genome including the N gene that codes for the nucleocapsid 
protein that is the target of the CLINITEST® Rapid COVID-19 Antigen Test*.  Classification of variants differs 
between health organizations and depends on several factors including prevalence in specific regions, 
however there is general agreement which strains are the most significant.1-3  The variants listed in the 
table below are currently classified as variants of concern (VOC) or variants of interest (VOI) by the World 
Health Organization.4 Variants of concern are associated with increased transmissibility and virulence and 
have demonstrated a negative impact on some diagnostic tests and therapies.  Variants of interest have 
mutations that are indicative of similar outcomes to variants of concern but have not undergone a 
comparative analysis.  The table below includes ten variant strains and shows their classification, where 
they were first identified and the mutations in the nucleocapsid protein.  Analysis of sequence data from
these variants is described below and reveals that no more than four mutations per variant are detected in 
the 419 amino acid nucleocapsid protein.

Data:  Nucleocapsid is a 419 amino acid protein encoded by the N gene found downstream of the spike 
(S), envelope (E) and membrane (M) genes.  The reported mutations in the N protein relative to a 
reference strain are listed int the table below for each variant.
BLAST analysis of protein sequences in the National Center for Biotechnology Information (NCBI)5 database 
(query SARS-CoV-2, taxid 2697049, output 1,000 sequences) shows that the mutated residues in each 
variant sequence share ≥98% sequence identity with other fully sequenced nucleocapsid proteins. An 
amino acid sequence alignment (generated with Clustal O6) between a reference SARS-CoV-2 isolate 
(hCOV-19/Wuhan/WIV04/2019) and sequences of from the variant strains was also performed.  
Comparison of these sequences shows ≥96% similarity between variants.  
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Table of SARS-CoV-2 Variants.

WHO Label Lineage Alternate Name(s) First Identified
Nucleocapsid 
Mutations

References

V
ar
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n

t 
o

f 
C

o
n

ce
rn

Alpha B.1.1.7
VOC202012/01, 
20I/501Y.V1

United Kingdom

D3L
R203K*
G204R*
S235F

7-9

Beta B.1.351
VOC202012/02
20H/501Y.V2

South Africa T205I 8-9

Gamma P.1
B.1.1.28.1
VOC202101/02
20J/501Y.V3

Brazil
P80R
R203K*
G204R*

8-10

Deltaa B.1.617.2 N/A India
D63G
R203M
D377Y

8-9

V
ar

ia
n

t 
o

f 
In

te
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st

Epsilonb B.1.427
B.1.429

20C/S.452R, 
CAL.20C/L452R

California, 
United States

T205I 8-9, 11

Iotac

B.1.526

N/A
New York, 
United States

P199L
M234I

8, 12, 13
B.1.526.1 T205I

M234I

B.1.526.2
P13L
S202R

Zeta P.2
B.1.1.28.3
20B/S.484K

Brazil

A119S
R203K
G204R
M234I

8,9,10

None B.1.616d 20C France T325I 9

Eta B.1.525 20C
United Kingdom, 
Nigeria

A12G
T205I

9

Theta P.3 B.1.1.28.3
Philippines, 
Japan

R203K
G204R

9

Kappa B.1.617.1 N/A India
R203M
D377Y

8-9

a 
Classified as VOI by US Centers for Disease Control.  

b
Classified as VOC by US CDC. 

c 
Strain listed as VOI by WHO and US CDC and 

variant under monitoring by European CDC. 
d 

Strain only listed by European CDC as VOI. 
* 

Mutations not originally associated with 
these variants.  N/A = not applicable.

Conclusion:  No more than 4 amino acid changes out of the 419 possible have been observed in the 
nucleocapsid sequence from significant SARS-CoV-2 variant strains.  BLAST analysis shows that the 
mutated residues in the amino acid sequence share ≥98% sequence identity with fully sequenced 
nucleocapsid proteins. This suggests that the CLINITEST® Rapid COVID-19 Antigen Test is unlikely to be 
impacted by any of the SARS-CoV-2 variants.

08
-J

un
-2

02
1

E
ffe

ct
iv

e 
D

at
e

N
am

e
C

U
S

T
-0

06
61

-E
D

G
V

er
si

on
4.

0



Sequence Analysis of Nucleocapsid Protein from SARS-CoV-2 Variants

Unrestricted Page 3 of 3

References: 

1. World Health Organization, https://www.who.int/
2. European Centre for Disease Prevent and Control, https://www.ecdc.europa.eu/en
3. United States Centers for Disease Control and Prevention, https://www.cdc.gov/
4. World Health Organization, COVID-19 Weekly Epidemiological Update, 18 April 2021. 

https://www.who.int/publications/m/item/weekly-epidemiological-update-on-covid-19---20-april-
2021

5. National Center for Biotechnology Information, www.ncbi.nlm.nih.gov
6. Clustal O (version 1.2.4) Multiple Sequence Alignment, www.uniprot.org
7. Andrew Rambaut, Nick Loman, Oliver Pybus, Wendy Barclay, Jeff Barrett, Alesandro Carabelli, et 

al. Preliminary genomic characterisation of an emergent SARS-CoV-2 lineage in the UK defined by 
a novel set of spike mutations: COVID-19 genomics UK consortium; [20 December, 2020]. 
Available from: https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-
sars-cov-2-lineage-in-the-uk- defined-by-a-novel-set-of-spike-mutations/563

8. outbreak.info, Julia L. Mullen, Ginger Tsueng, Alaa Abdel Latif, Manar Alkuzweny, Marco Cano, 
Emily Haag, Jerry Zhou, Mark Zeller, Nate Matteson, Kristian G. Andersen, Chunlei Wu, Andrew I. 
Su, Karthik Gangavarapu, Laura D. Hughes, and the Center for Viral Systems Biology outbreak.info. 
Available online: https://outbreak.info/ (2020)

9. Global Initiative on Sharing All Influenza Data (GISAID), https://www.GISAID.org/
10. Nuno R. Faria, Ingra Morales Claro, Darlan Candido, Lucas A. Moyses Franco, Pamela S. Andrade, 

Thais M. Coletti, et al. Genomic characterization of an emergent SARS-CoV-2 lineage in Manaus: 
preliminary finding; [20 January, 2021]. Available from: https://virological.org/t/genomic-
characterisation-of-an-emergent-sars-cov-2-lineage-in-manaus-preliminary-findings/586

11. Zhang W, Davis BD, Chen SS, Sincuir Martinez JM, Plummer JT, Vail E. Emergence of a Novel SARS-
CoV-2 Variant in Southern California. JAMA. Published online February 11, 2021. 
doi:10.1001/jama.2021.1612

12. Anthony P. West Jr., Christopher O. Barnes, Zhi Yang, Pamela J. Bjorkman. SARS-CoV-2 lineage 
B.1.526 emerging in the New York region detected by software utility created to query the spike 
mutational landscape. bioRxiv 2021.02.14.431043; doi:
https://doi.org/10.1101/2021.02.14.431043

13. Medini K. Annavajhala, Hiroshi Mohri, Pengfei Wang, Jason E. Zucker, Zizhang Sheng, Angela
Gomez-Simmonds, Trevor Bedford, David D. Ho, Anne-Catrin Uhlemann. A Novel and Expanding 
SARS-CoV-2 Variant, B.1.526, Identified in New York. medRxiv
2021.02.23.21252259;doi:https://doi.org/10.1101/2021.02.23.21252259

CLINITEST Rapid COVID-19 Antigen Test and CLINITEST Rapid COVID-19 Antigen Self-Test are distributed by 
Siemens Healthineers. Not available for sale in the US. Product availability varies by country. 

CLINITEST is a registered trademark of Siemens Healthcare Diagnostics. 
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