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Since the COVID-19 
pandemic started in 
December 2019, over 220 
million cases of SARS-
CoV-2 have been reported 
cumulatively, and eleven 
different variants of the 
virus have also evolved.

Wuhan

The Alpha variant which 
predominated until March 2020, 
infected more than 50% of 
patients. Since April this year, 
the ultra-transmissible Delta 
variant has emerged, 
cumulatively infecting more 
than 40% of patients worldwide.
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Figure 1. Top 5 regions with the fastest-growing Delta 
variants worldwide

The Figure 2. shows the trained CNN model works well. 
And the model with high accuracy of classification could 
efficiently identify the differences between variants and 
therefore extract features efficiently, contributing to a 
higher quality forward primer.

I got a total of 32845 features. Then, I calculated the 
appearance frequency of each feature by using 5000 
genetic sequences of each variant with different requests 
for appearance: Delta >= 0.99   /  Other <= 0.01

Then extend the range to other taxa 
(e.g., MERS-CoV and so on), and beta virus 
on others host (e.g., cat, dog, bat and so on)

Finally, from 32,845 features get several forward primer 
which satisfied with requests will be validated with the 
existing reserve primer by In-Silico PCR in FastPCR which 
works well. (Figure 4, in the bottom left)
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Using 8000 sequence data for 
training and another 8000 sequence 
data for validation.
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Each Filter and posPool file will 
generate a featsVector file. The forward 
primer only appear in Delta variant, but 
not in other variants or viruses
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Figure 2. The visualization of the 
confusion matrix

The trained CNN model 
shows an accuracy of more 
than 97% of classification. Figure 3. The frequency of appearance of each Forward Primer in 

different variant virus (part)
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In-Silico PCR

Figure 5. Using MEGA X software for visualizing the SARS-
CoV-2 gene sequence and showing the forward primer, 

reserve primer and amplicon sequence

– Forward: 5’- GAAGGCCTTAAATTCCCTCGA -3’
Position: 28412->28432 Tm = 55.9℃

– Reverse: 5’- TGTAGCACGATTGCAGCATTG -3’
3’- CAATGCTGCAATCGTGCTACA -5’
Position: 28687<-28707 Tm = 57.0℃

– The size of the amplified sequence: 296 bps
Position: 28412-28707    Ta = 60.0℃

Figure 4. The result of the In-Silico 
PCR in the Fast PCR Software
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