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DATABASE MINING AND TARGET 
SELECTION



Emerging, re-emerging infectious 
agents and variants

§ Emerging and Re-Emerging Infectious
Diseases (EIDs) are infections that have newly
appeared in a population or have existed
previously but are rapidly increasing in
incidence or geographic range

§ Examples include HIV, Zika virus, West Nile
virus and SARS as well as re-emerging
diseases such as chikungunya, influenza and
monkeypox



§ 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.

Emerging, re-emerging infectious 
agents and variants

Alpha Beta DeltaGamma



SARS-CoV-2: emerging variants of concern (VoC)

5 VoCs designated by
World Health Organization



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

~30,000 nucleotides



Reported mutations in SARS-CoV-2 VoCs

asparagine → tyrosine

lysine → asparagine

lysine → threonine

glutamic acid → lysine



Reported mutations 
in SARS-CoV-2 VoCs:



Change in Proportions of Omicron Sublineages



Timecourse of Omicron variant sublineage distribution



Regional trends of Omicron variant sublineages



SARS-CoV-2 variants BA.4 
and BA.5 show substantial 
immune escape compared 
with BA.1 and BA.2



SARS-CoV-2 VoC Mutation Profile



RT-PCR Detection of Pathogen DNA/RNA



RT-PCR Detection of Pathogen DNA/RNA

Reverse primer

ProbeForward primer



Databases for Obtaining Pathogen Genome Data

• www.gisaid.org
Global initiative on sharing all influenza data

• www.ncbi.nlm.nih.gov

• www.ncbi.nlm.nih.gov/labs/
virus/vssi

• https://covariants.org/

• 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/


GISAID Database

• 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



NCBI Database



NCBI Database



After obtaining genome data…

• We can analyze microorganism
genome data using multiple
software including Snapgene,
Ugene, CLC sequence viewer

• We can run Multiple Sequence
Alignment analysis to compare
overall sequence similarity of
multiple genome sequences using
tools such as MUSCLE, Clustal
Omega, EMBOSS Cons, Mview



Multiple Sequence Alignment

* denotes perfect nucleotide 
position match
• red dot denotes mismatch

Nucleocapsid (N) gene



Multiple Sequence Alignment
Envelope (E) gene

* denotes perfect nucleotide 
position match
• red dot denotes mismatch



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



Example: Omicron variant BA.4

Target Selection for 
RT-PCR Detection of Pathogens



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 ORF1ab, N gene, E gene, RdRp gene



https://primer-monitor.neb.com/

Primer Monitor: an online tool to track SARS-CoV-2 variants
that may impact primers used in diagnostic assays



Primer Monitor 
https://primer-monitor.neb.com/



Impact of Mutations on Diagnostic Assays



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 diagnostic assays for any pathogen of
interest..




