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Emerging, re-emerging infectious
agents and variants

" Emerging and Re-Emerging Infectious (‘ @ | 8
Diseases (EIDs) are infections that have newly |
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Emerging, re-emerging infectious
agents and variants

Viruses such as SARS-CoV-2
continuously evolve as changes in the
genetic code (via genetic mutations or
viral recombination) occur during
replication of the genome.

A variant has one or more mutations
that differentiate it from other variants
of the SARS-CoV-2 viruses. As expected,
multiple variants of SARS-CoV-2 have
been documented globally throughout
the COVID-19 pandemic.

The SARS-CoV-2 Variants of Concern
Key Spike Protein Mutations
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SARS-CoV-2: emerging variants of concern (VoC)

XXX
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(lineages Kappa Lambda Omicron
B.1.427/B.1.429) (sublineage B.1.617.1) (Imeage B.1.526) (lineage C.37) (lmeage B 1.621) (lineage B.1.1.529)

Oct-2020 Nov-2020 Dec-2020 Jan-2021 Nov-2021

Gamma Eta
Alpha Beta (subllneage B.1.617.2) (lineage P.1) (lineage B.1.525)
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5 VoCs designated by
World Health Organization




SARS-CoV-2 VoCs: What do we know?

9 P‘/ Spike Protein (S)
Ty 9

X

Nucleocapsid Protein (N)

Envelope Protein(E)

Membrane Glycoprotein (M)
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Reported mutations in SARS-CoV-2 VoCs

asparagine - tyrosine
K417 1452 T478 E484 NS501
O 0 O G “3@5 —
lysine = asparagine = -
v 0 ¢

lysine = threonine

o (f"L '") ( 'TR} ° ° Gommo
glutamic acid - lysine
— — Detto
QOO [ Gk
— - O0Cs |
Major mutations of SARS-CoV-2 '?H
VOCs in Spike receptor binding domain (RBD)

() Parental . Mutation
— residues spots

Clinical Impacts

T Transmissibility

T Pathogenicity
T™ACE2 __ 4 Risk of immune escape
affinity T

Potential therapeutic targets

Blocking VOC entry

Soluble human recombinant ACE2, Antl-RBD nanobodies,

TMPRSS2 & Adam1? inhibitors, & etc.

Interrupting VOC replication

Remdesivir & metabolites, CRISPR/Cas13d system & etc.
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BA.1

Reported mutations
in SARS-CoV-2 VoCs: .-

Omicron

S371L  G446S
G496S

G339D

& - S373P S375F

of (5 ) K417N  N440K

v "3 Y S477TN  Ta78K
2o dE> E4B4A Q493R
BA.1 BA.3 Q498R N501Y

Y505H

= T376A 405 /
The most widely prevalent S D40/
strain in the world

Mainly prevalent in Denmark, D Bia

Nepal, and the Philippines The mutations located on RBD

Very limited transmibility,
with few cases in the world

- 10.3% transmission rate
— > among household contacts

Omi::ron Transmission rate is
| about 3.2 times that of Delta

13.4% transmission rate
among household contacts
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Change in Proportions of Omicron Sublineages

2022-07-05

Prevalence of Omicron sublineages collected 07 Jun 2022-05 Jul 2022
compared with sublineages collected 10 May 2022-07 Jun 2022

BA.2

BA.2.10

BA.2.10.1

BA.2.12

BA.2121

BA.218

BA.2.23

BA.2.3

BA.2.31

BA.2.38

BA.2.9

BA.4

BA.S

BA.5.1

eo (‘90 by BII/GIS, A*STAR Singapore
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Timecourse of Omicron variant sublineage distribution
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— ' I ' I
107‘1 A qqul K 'Ldﬂ Ao

\Na‘; Wt
BA.5.31 I BA.210
BA.5.11 Il BA.21
BA.2.9 Il BA1.20
BA.2.3 Il BA118
BA1 Il BA117.2
BA.11 I BA117
BA.2.23 Il BA115.1

See https://www.who.int/en/activities/tracking-SARS-CoV-2-variants/ for variant information and definitions.

W

2022-07-26
Omicron sublineages
currently with —-100%
> 5% global prevalence
-90%
—-80%
. - - ~70%
BE.11 (5.65%)
- 60%
BA.41 (8.89%) =
~50%
BA.5.2 (11.57%)
~40%
BA5.21(17.31%) | a0y
-20%
BA.5.1 (22.04%) -10%
| | ~-0%
,Lg’ﬂ' o
BA1.15
BA11.2
BA1118 We gratefully acknowledge
i the Authors from Originating
BA1.11 and Submitting laboratories

Omicron sublineages < 1%  of sequence data on which the
Other lineages analysis is based.

.

by BII/GIS, A*STAR Singapore



Regional trends of Omicron variant sublineages

Africa (+214 sequences)
BA.4
BA.2 I 24.3%
BA.S I 22.43%
BA.2.31 MM 1.87%
BA.2.23 E 187%
BA.2121 M 1.4%

Europe (+50,284 sequences)
BA.S I 29.08%
BA.5.| I 23.44%
BA.2 I 18.45%
BA.4 I 12.22%
BA.2.12.1 I 8.38%
BA.2.0 NN 3.25%
BA218 W 1.0%

Oceania (+3,649 sequences)
BA.2 I 4 3.46%
BA.S I  18.14%
BA.4 IS 10.52%
BA.2.12.1 NN 4.96%
BA.2.3 NN 4.52%
BA.2.10 MmN 4.14%
BA.2.12 WEm 3.78%
BA.2.10.1 I 2.85%
BA.S1HE 175%
BA.2.23 M 159%

46.73%

in sequences collected from 2022-06-07 to 2022-07-05

Asia (+13,091 sequences)
BAS 35.62%
BA.2 I  22.21%
BA.4 I 11.0%
BA.S.) NN 8.95%
BA.2.12.1 I 6.55%
BA.2.3 I 4.58%
BA.2.38 NN 2.91%

BA.2.9 WM 1.83%

North America (+43,488 sequences)
BA.2.12.] I 49.06%

BA.S5 I  20.66%
BA.4 IEES—— 10.43%
BA.2 I 8.96%

BA.S.) Il 4.77%

BA.2.9 M 1.53%

BA.2.3 M 1.48%

South America (+1,480 sequences)
BA.2 W | 3115%
BA.2121 W 1 18.78%
BA.4 I 16.01%
BA.S.| I 11.42%
BA.S NI 11.28%
BA.29 W ] 6.08%
BA.2.3 W 1.82%

We gratefully acknowledge
the Authors from Originating
and Submitting laboratories

of sequence data on which the
analysis is based.
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SARS-CoV-2 variants BA.4
and BA.5 show substantial
immune escape compared

with BA.1 and BA.2
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A.l A67V,A69-70,T951,G142D,A143-145,N2111,A212,
A67V,A69-70,T951,G142D,A143-145,N2111,A212,

ins214EPE I | =

ins214EPE —
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A.2  T191,024-26,A27S, NTD

G142D, V213G

A.3 A67V,A69-70,T951,G142D, A143-145,N2111,A212
G142D,

A.4/5 T191,A24-26,A27S, A69-70, V213G
A.1  G339D,

G339D,R346K, ">
A2 G339D,
A3 G339D,

A.4/5 G339D,

S373P,S375F, K417N,N440K, 4465
S373P,S375F, K417N,N440K, 4468
S371F,S373P,S375F,T376A,D405N,R408S,K417N,N440K

S371F,S373P,S375F, D405N, K417N,N440K, 4465

$371F,5373P,5375F, T376A,D405N,R4085,K417N,N440K, RBD

A.l S477N,T478K,E484A,
S477N,T478K,E484A,

Q493R, 4965 Q498R,N501Y,Y505H
Q493R, 4965 Q498R,N501Y,Y505H
A.2 S477N,T478K,E484A, Q493R, Q498R,N501Y,Y505H
A.3 S477N,T478K,E484A, Q493R, Q498R,N501Y,Y505H
A.4/5 L452R,S477N,T478K,E484A,F486Y, Q498R,N501Y,Y505H

BA.3
BA.4/5

T547K,D614G,H655Y,N679K,P681H,N764K,D796Y,N856K,Q954H,N969K,L981F
T547K,D614G,H655Y,N679K,P681H,N764K,D796Y,N856K,Q954H,N969K,L981F
Q954H,N969K
Q954H,N969K
Q954H,N969K

D614G,H655Y,N679K,P681H,N764K,D796Y,
D614G,H655Y,N679K,P681H,N746K,D796Y,
D614G,H655Y,N679K,P681H,N764K, D796Y,

ACE2
footprint

BA.4/5 F4§
additional
mutations

Common to
() BA1,BA1LA,
BA2&BA3

Q BA1,BA1.1&

BA.3 (except 496)

‘ BA.1.1 only

BK
BA.2 only (D405N
Also in BA.3)

@ S371L: BA.1, BA.1.1
S371F: BA.2, BA.3

X not in BA.4/5
X notin BA.3



SARS-CoV-2 VoC Mutation Profile
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Variants of Concern
(VOCQ)
B st . < S2 >
h Cleavage Fusion Heptad Heptad Trans-
NTD RBD j peptides repeat 1 repeat 2 membrar’e
|
del69-70  del144 NSOTY AS70D D614G P6gIH T716l S982A D1118H
Alpha [ it | t t f it f t ]
(8.1.1.7) |
D80A D215G K417N  E484K N501Y D614G I a701v
Beta Lo i i Il i i i i f i ]
(8.1.351) (L18F) (del 241-243) |
T20N D614G H6E53Y T10271 V1176F
L18F]| P265 D138Y R190S K417N/T E484K N501Y . 1es3 . !
Gamma | I 1 [ |- I I ]
(P1) |
[
TI9R del 156-157 L452R T478K D614G  P68IR D950N
1 lF1SBG 1 1 1 L |
Delta (| : || z z : | | | ] | |
(B.1.617.2) (Tosl) _~~_  (A222V)(W258L) (K417N) |
(G142D) (Y145H) [sublineage AY.1] |
[sublineage AY.4.2]
T478K E484A '
A7V G142D N501Y H655Y |
|ge! 69-70 | del 143-145 G339D K417N N440K|| [y505HT547K D614G | PE81H  N764K D796Y N856K Q954H L98IF
Omicron [ | - l]. I i - f i ¥ — f I ]
(BA.1) T95| ins214EPE NL211-212 $371L|S375F  G4465 | ||Q4a98R N679K N969K
$373P G4965 |
S477N Q493R
|
D40SN  T478K E484A H6SSY|
R408S N501Y |
T19] A275 G1420 V21‘3G G339D T376A |[K417N 505H D614G | P681H  N764K D796Y Q954H
Omicron I| 1 | 1 | | | I | | | 1| ]
(BA.2) del 24-26 S371F|S375F  N440K| |Q498R N679K N969K
$373P
S477N Q493R
(in Red: differences between BA.2 and BA.5) Q
del 69-70 D405N T478K E484A Hessy
R408S N501Y
TI91 A275 | G420 V213G G339D T376A | k417N 505H D614G | P681H  N764K D796Y Q954H
Omicron II 1l | | 1 | | I | | | 11 ]
(BA.4/ del'24-26 S371F|5375F | Q498R N679K N969K
BA.5) S373P N440K| | F486V

L452R S477N



RT-PCR Detection of Pathogen DNA/RNA

Forward
primer EE\C it
, 5 — Polymerization and
3 5 :
¢ 3 Strand Displacement
5 S ————— I
Reverse
primer
Forward
primer
35 e, 5, Probe Cleavage
5 3 (release of reporter dye)
Cemmmmmmnennsnsans e 5’
Reverse
Ll Fluorescence occurs when
reporter dye and quencher dye
are no longer in close proximity
Forward
primer
A o I e s i 5 Completion of
e — Polymerization

Reverse
primer
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O
3" 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 5!
ORF1a ORF1b

RNA-dependent
RNA polymerase | | Uil I il

S EM N

1 5k 10k 15k 20k 25k 29 685

TGGCAATGGCGGTGATGCTGCTCTTGCTTTGCTGCTGCTTGACAGATTGAACCAGCTTGAGAGCAAAATGTCTGGTAAAGGCCAACAACAACA
28885 28890 28895 28.9k 28905 28910 28915 28 923

28831 28840 28845 28850 28855 28860 28865 28870 28875 28880

AGGCCAAACTGTCACTAAGAAATCTGCTGCTGAGGCTTCTAAGAAGCCTCGGCAAAAACGTACTGCCACTAAAGCATACAATGTAACACAAGC

28924 28930 28935 28940 28945 28950 28955 28960 28965 28970 28975 28980 28985 28990 28995 20k 29005 29010 29016
Forward primer —» Probe

TTTCGGCAGACGTGGTCCAGAACAAACCCAAGGAAATTTTGGGGACCAGGAACTAATCAGACAA I CENE IS S e sl A T

29017 29025 29030 29035 29040 29045 29050 29055 29060 29065 29070 29075 29080 29085 29090 29095 29.1k " 29109

TGCACAATTTGCCCCCAGCGChTCAGCGTTCTTCGGAATGﬂCGCGCATTGGCATGGAAGTCACACCTTCGGGAACGTGGTTGACCTACACAGG
29180 29185 29190 29195 29202

20110 29115 29120 29125 29130 29135 29140 29145 29150 29155 29160 29165 29170 29175

«<— Reverse primer
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Databases for Obtaining Pathogen Genome Data

Global initiative on sharing all influenza data

e www.ncbi.nlm.nih.gov

National Center for Biotechnology Information

National Library of Medicine

NCBI Home
Resource List (A-Z)
All Resources

Chemicals & Bioassays

[AII'D:

“]

Data & Software
DNA & RNA
Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins
Sequence Analysis

Taxonomy

Training & Tutorials

Variation

Welcome to NCBI

The National Center for Bi

and genomic ir

About the NCBI | Mission | O

ion science and health by providing access to

| NCBI News & Blog

Submit

Deposit data or manuscripts
into NCBI databases

Develop

Use NCBI APIs and code
libraries to build applications

Download

Transfer NCBI data to your
computer

Analyze

Identify an NCBI tool for your
data analysis task

Learn

Find help documents, attend a
class or watch a tutorial

Research

Explore NCBI research and
collaborative projects

Popular Resources
PubMed
Bookshelf
PubMed Central
BLAST
Nucleotide
Genome

SNP

Gene

Protein
PubChem

NCBI News & Blog
Foreign Contamination Screen (FCS) tool
for GenBank submissions

28 Jul 2022

We are excited to introduce a Foreign

Announcing the NCBI Datasets SARS-
CoV-2 taxonomy page
26 Jul 2022

Need SARS-CoV-2 assembled genome

www.ncbi.nlm.nih.gov/labs/
virus/vssi NCBI Virus

Sequences for discovery

Y/
2 (D

",

]

Y

https://covariants.org/ i¢:Covariants

-

Enabled by data from (25142

Influenza Research Database

www.fludb.org/

https://www.hiv.lanl.gov/
HIV Sequence Database



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5388101/
https://www.hiv.lanl.gov/
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GISAID Database

e The GISAID Initiative promotes the rapid sharing of data from all
influenza viruses, SARS-CoV-2 and recently monkeypox virus

* This includes genetic sequence and related clinical and epidemiological
data associated with human viruses, and geographical data associated
with avian and other animal viruses

 Aim is to help researchers understand how viruses evolve and spread
during epidemics and pandemics




NCBI Database

ol I G & ncbi.nim.nih.gov/gene/43740575

National Library of Medicine

National Center for Biotechnology Information
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TR LIS

Gene Gene v ’

Advanced
Full Report + Send to: «
N nucleocapsid phosphoprotein [ Severe acute respiratory syndrome coronavirus 2] P ownlond Datasots

Gene ID: 43740575, updated on 3-Jul-2022

»
~

“ Summary

Gene symbol N
Gene description nucleocapsid phosphoprotein
Locus tag GU280_gp10
Gene type protein coding
RefSeq status PROVISIONAL
Organism Severe acute respiratory syndrome coronavirus 2 (isolate: Wuhan-Hu-1, nat-host: Homo sapiens)
Lineage Viruses; Riboviria; Orthornavirae; Pisuviricota; Pisoniviricetes; Nidovirales; Cornidovirineae; Coronaviridae; Orthocoronavirinae; Betacoronavirus;

Sarbecovirus

Summary Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is an enveloped, positive-sense, single-stranded RNA virus that causes
coronavirus disease 2019 (COVID-19). Virus particles include the RNA genetic material and structural proteins needed for invasion of host cells.
Once inside the cell the infecting RNA is used to encode structural proteins that make up virus particles, nonstructural proteins that direct virus
assembly, transcription, replication and host control and accessory proteins whose function has not been determined.~ The structural proteins of
SARS-CoV-2 include the envelope protein (E), spike or surface glycoprotein (S), membrane protein (M) and the nucleocapsid protein (N). The
nucleocapsid phosphoprotein is a structural protein that binds to, protects the viral RNA genome and is involved in packaging the RNA into virus
particles. The N protein has been suggested as an antiviral drug target.

Help

Hide sidebar >>

Table of contents =

Summary

Genomic context

Genomic regions, transcripts, and products
Bibliography

Pathways from PubChem

Interactions

General protein information

NCBI Reference Sequences (RefSeq)
Related sequences

Additional links

Related information =
3D structures

BioProjects




“' Genomic context

NCBI Database

A~
~

Sequence: NC_045512.2 (28274..29533)
NC_045512.2
[ 27394 p [ 29674 p
ORF7u N =
ORF7b ORF10
ORF3
“ ' Genomic regions, transcripts, and products A
Genomic Sequence: NC_045512.2 Go to refere;
Go to nucleotide: Graphi
) S Nc_oass12.2+ | Find: | v a {19 @ % = I S Tools ~ | ¥ Tracks » ¥, Download ~
[28.100 28,200 |28,300 |25,400 |28,500 [28.600 28,700 |28,500 |28,900 29 K [29.100 23,200 |23.300 |29,400 [29.500
]
Genes e oo 108 %
N
YP_B09724397.2
Corona_nucleoca Corona pucleoca
ORF10 I

e
[q strand G

trand F i

|

1ER

sArs-cov-z_orflo N

YP_009725255.1 N
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Full text in PMC_nucleotide
Gene neighbors

Genome

Nucleotide

Protein

PubMed

PubMed (GeneRIF)
PubMed(nucleotide/PMC)
RefSeq Proteins

Taxonomy

General information
About Gene

FAQ

FTP site

Help

My NCBI help
NCBI Handbook

Statistics

Related sites
BLAST

Genome
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NCBI Database

@ ncbi.nim.nih.gov/nuccore/NC_045512.2?report=fasta&from=28274&t0=29533 (L * ¢ » O

National Library of Medicine

National Center for Biotechnology Information

Nucleotide | Nucleotide v| ’ ‘ w
Advanced il
FASTA « Send to: « .
Change region shown s
O Whole sequence

Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete 5. . . e
genome from: 28274 | to: 29533

NCBI Reference Sequence: NC_045512.2

GenBank Graphics

>NC_045512.2:28274-29533 Severe acute respiratory syndrome coronavirus 2 isolate
Wuhan-Hu-1, complete genome
ATGTCTGATAATGGACCCCAAAATCAGCGAAATGCACCCCGCATTACGTTTGGTGGACCCTCAGATTCAA
CTGGCAGTAACCAGAATGGAGAACGCAGTGGGGCGCGATCAAAACAACGTCGGCCCCAAGGTTTACCCAA
TAATACTGCGTCTTGGTTCACCGCTCTCACTCAACATGGCAAGGAAGACCTTAAATTCCCTCGAGGACAA Analyze this sequence -~
GGCGTTCCAATTAACACCAATAGCAGTCCAGATGACCAAATTGGCTACTACCGAAGAGCTACCAGACGAA

Customize view v

TTCGTGGTGGTGACGGTAAAATGAAAGATCTCAGTCCAAGATGGTATTTCTACTACCTAGGAACTGGGCC Run BLAST
AGAAGCTGGACTTCCCTATGGTGCTAACAAAGACGGCATCATATGGGTTGCAACTGAGGGAGCCTTGAAT Pick Primers
ACACCAAAAGATCACATTGGCACCCGCAATCCTGCTAACAATGCTGCAATCGTGCTACAACTTCCTCAAG
GAACAACATTGCCAAAAGGCTTCTACGCAGAAGGGAGCAGAGGCGGCAGTCAAGCCTCTTCTCGTTCCTC Highlight Sequence Features

ATCACGTAGTCGCAACAGTTCAAGAAATTCAACTCCAGGCAGCAGTAGGGGAACTTCTCCTGCTAGAATG

GCTGGCAATGGCGGTGATGCTGCTCTTGCTTTGCTGCTGCTTGACAGATTGAACCAGCTTGAGAGCAAAA

TGTCTGGTAAAGGCCAACAACAACAAGGCCAAACTGTCACTAAGAAATCTGCTGCTGAGGCTTCTAAGAA NCBI Virus =
GCCTCGGCAAAAACGTACTGCCACTAAAGCATACAATGTAACACAAGCTTTCGGCAGACGTGGTCCAGAA
CAAACCCAAGGAAATTTTGGGGACCAGGAACTAATCAGACAAGGAACTGATTACAAACATTGGCCGCAAA
TTGCACAATTTGCCCCCAGCGCTTCAGCGTTCTTCGGAATGTCGCGCATTGGCATGGAAGTCACACCTTC
GGGAACGTGGTTGACCTACACAGGTGCCATCAAATTGGATGACAAAGATCCAAATTTCAAAGATCAAGTC
ATTTTGCTGAATAAGCATATTGACGCATACAAAACATTCCCACCAACAGAGCCTAAAAAGGACAAAAAGA
AGAAGGCTGATGAAACTCAAGCCTTACCGCAGAGACAGAAGAAACAGCAAACTGTGACTCTTCTTCCTGC Related information -
TGCAGATTTGGATGATTTCTCCAAACAATTGCAACAATCCATGAGCAGTGCTGACTCAACTCAGGCCTAA

Retrieve, view, and download SARS-CoV-2
coronavirus genomic and protein sequences.




I— YAKIN DOGU UNIVERSITESI®
[® 0ESAM ENSTITOSU

After obtaining genome data...

@ ebi.ac.uk/Tools/services/web/toolresult.ebi?jobld=muscle-120220719-150153-0845-56100571-pTm&analys

* We can analyze microorganism MUSCLE
ge n O m e d ata u Si n g m u |ti p I e Input form ‘ Web services Help & Documentation Bioinformatics Tools FAQ
o o Tools > Multiple Sequence Alignment > MUSCLE
software including Snapgene,
Results for job muscle-120220719-150153-0845-56100571-p1m

U ge n e, C LC S e q u e n Ce Vi ewe r Result Summary  Phylogenetic Tree ' Results Viewers = Submission Details

Download Alignment File ' Show Colors

CLUSTAL multiple sequence alignment by MUSCLE (3.8)

[ ]
e We ca un Multiple Sequence
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Multiple Sequence Alighment

Nucleocapsid (N) gene

NCBI GenBank ID .:-.---.--:-».--.---o-no--n».-~o.--o---.-i--o.--‘-‘-..--t.-:-----
1. NC_045512.2
2.0M287563.1
3. OK0910061
4. MZ4273121
5. MZ888515.1
6. MG772933.1
7. NC_004718.3
8. NC_014470.1

position match

Designated amplicon region targeted for
forward primer design by Corman et al.

1. NC_045512.2
2. OM287553.1
3. OK091006.1
4. MZ4a273121
5. MZ888515.1
6. MG772933.1 C
7. NC_004718.3 C [>7e C
8. NC_014470.1 : c cclic C| cc CC
Designated amplicon region targeted for probe design by
Corman et al. 2020

.NCBIGenBank[D ..oo‘-‘ooi.oo. .io.oc.o.joo..ooo.‘o.-o.co:.oo.oo.‘. ] -|e|ele|e|o|e|e|e]| . |olefl-]|.]|-|-]|e
1. NC_045512.2 c
2. OM287553.1
3. OK091006.1
4. MZ4273121
5. MZ888515.1
6. MG772933.1
7. NC_004718.3
8. NC_014470.1

reverse primer design by Corman et al.

FiGURE 2: N gene designated fragment—MSA (MUSCLE) by MEGA11 version 0.1. The region of primers and probe is designed by [1]. Star
(*) signs denote perfect nucleotide position match, and red dots (.) denote mismatch. The black rectangle shape denotes the amplicon region
for forward primer design, the blue rectangle shape denotes the amplicon region for probe design, and the pink rectangle shape denotes
amplicon position for reverse primer position. Analyzed NCBI GenBank accession IDs for MSA for the entire E gene represent as follows:

rlr:s] DESAM ENSTITUSU

* denotes perfect nucleotide

* red dot denotes mismatch
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Multiple Sequence Alighment

Envelope (E) gene

rlr:E: DESAM ENSTITUSU

NCBI GenBankID « « + « o . . ......... o|-|efolso|el-foi- |- [o]o]0]o]o [o]s]olofe]ole[ o] o] o] o] o] o] slefsfe|o]olo]elo]oale]s]e]s]. |s afofs]el [s|ofe]o]s]o]o]e]e|e}s * denotes perfect nucleotide
1. NC.045512.2 ciEc C| C d C| C Bl C - 5 ke .

2. OM287553.1 ‘ 3 c pOSItlon matCh

3. OK091006.1

4. MZ427312.1

5 MZB888515.1
6. MG772933.1
7.NC_004718.3
8.NC_014470.0

Designated amplicon region targeted for forward
primer design by Corman et al. 2020

1. NC_045512.2
2. OM287553.1
3. OK091008.1
4.MzZaz273121
5. MZ888515.1
6. MG772933.1
7.NC_ 0047183
8 NC 0144701

: Dmp\nadmpbconmponh:gaedforpmbe . Designated amplicon region targeted for
design by Corman et al. 2020 reverse primer design by Corman etal.

1.NC 0456122 €
2. OM2B7553.1 (€
3. OK091008.1 €
4,M24273121 €
5.M28885151 €
6.MG7729331 €
7.NC 0047183 €
8. NC_014470.1 €|

FiGure 1: E gene multiple sequence alignment (MUSCLE) by MEGA11 version 0.1. The region of primers and probe was designed by [1].
Star (*) signs denote perfect nucleotide position match, and red dots (.) denote mismatch. The black rectangle shape denotes the amplicon
region for forward primer design, the blue rectangle shape denotes the amplicon region for probe design, and the pink rectangle shape
denotes amplicon position f for reverse primer position. Analyzed NCBI GenBank accession IDs for MSA for the entire E gene represent as

* red dot denotes mismatch
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Target Selection for
RT-PCR Detection of Pathogens

* The gene target for PCR amplification assays should be:

- conserved
- expressed during infection cycle
- involved in pathogenesis/replication

- less prone to mutations



Target Selection for

Example: Omicron variant BA.4
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RT-PCR Detection of Pathogens
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SARS-CoV-2 genome (bp)
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Gene Targets Used for Commercial
RT-PCR Assay Kits for SARS-CoV-2

* As SARS-CoV-2 variants continue to emerge worldwide, diagnostic developers face
increasing challenges to demonstrate that SARS-CoV-2 assays will continue to detect
the virus variant that may be circulating in the population being tested.

* At the beginning of the COVID-19 pandemic, many RT-PCR kits were designed to
detect the viral spike (S) gene

* With the increasing S gene mutations in emerging variants (S gene dropout), scientists
moved to other gene targets such as ORFlab, N gene, E gene, RdRp gene
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Primer Monitor: an online tool to track SARS-CoV-2 variants
that may impact primers used in diagnostic assays
https://primer-monitor.neb.com/

Commonly discussed variants of interest or concern are depicted along with specific mutational loci (A). Below the reference
SARS-CoV-2 genome (blue), commonly used primer sets that overlap variants of interest/concern are highlighted in orange.
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SARS-CoV-2 Lineage Variant Summary
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C @ primer-monitor.neb.com

Primer Set Name

|NEB Luna gPCR/CDC

"]

Primer Monitor

https://primer-monitor.neb.com/
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Variants Observed by Genomic Locus and Geographic Region Date Range
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Impact of Mutations on Diagnostic Assays

Common Primer Check for High Quality Genomes 2022-07-05
Percent of genomes with at least one mutation Percent of genomes with at least one mutation
in primer region in last 5 nucleotides of 3' primer region
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Developing your own diagnostic assay...

* For an accurate and efficient diagnostic assay for emerging and
re-emerging pathogens, periodic screening for mutations in the
genome should be performed using shared databases.

 With the right tools, theoretical and practical knowledge, you
can design molecular diagnhostic assays for any pathogen of

Interest..
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