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Motivation and Aim: Since the beginning of the COVID-19 pandemic, the world 

scientific community has faced the problem of analyzing SARS-CoV-2 genomic 

sequences. One of the methods of visualizing and analyzing genetic information is the 

construction of haplotype networks, which allow overcoming the limitations of classical 

methods of phylogenetics. Here we have utilized haplotype networks to detect and 

characterize imports of SARS-CoV-2 to Russia. 

Methods and Algorithms: Genomic sequences of SARS-CoV-2 longer than 29,000 bp 

and N content lower than 1 % belonging to pangolin [1] lineages BA.1, BA.2 (excluding 

BA.2.75, XBB and later lineages) and Delta were selected from GISAID [2] and 

VGARus databases. Filtration was performed with Nextclade [3] and R script. Missing 

data in non-full Russian genomes was restored using a python script. Haplotype network 

graphs were built and visualized using R script. 

Results: Filtration of genomes was performed as follows: for each lineage among the 

analyzed (BA.1, BA.2 and Delta), the list of the parent lineage substitutions and deletion 

was obtained by analyzing the most frequent mutations. Also the list of true reversion 

substitutions (i.e. mutation occurring at the same position for the second time, effectively 

reverting the nucleotide to the one present in the Wuhan genome) associated with certain 

pangolin lineages was created. Genomes with pseudoreversions (or reversion mutations 

not associated with a certain lineage and most likely caused by bioinformatic error) were 

filtered out, as well as low quality genomes. 

After the filtration, to increase the amount of Russian genomes in the analysis, genomes 

with N nucleotides were repaired by aligning them against closest full genome sequences 

collected earlier and replacing Ns with consensus sequence in the N regions or discarded 

if there was no consensus in the alignment in the N regions. 

To create haplotype network graphs, we have determined all of the potential ancestors 

and descendants of the analyzed Russian genomes (a substitution mutations of a potential 

ancestor genomes are a subset of a substitution mutations of a potential descendant 

genome) and created a directed graph (with the direction from the root to the increasing 

amount of substitutions, in accordance with the direction of the evolution) by connecting 

each observed substitution pattern to all of its potential ancestors, excluding the potential 

ancestors of potential ancestors. An example of haplotype network graph for Delta lieage 

is presented on the Figure 1. Next, the obtained haplotype network graph was trimmed 

by selecting more likely ancestor in cases where there was more than one using following 

algorithm: firstly, the closest ancestor was selected, secondly, the ancestor detected in 

the same country or countries as the descendant was selected, lastly, the earliest ancestor 

was selected. An example of haplotype network graph for Delta lieage is presented on 

the Fig. 1. After trimming, we were able to obtain imports of SARS-CoV-2 into Russia 
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by obtaining every substitution pattern found in Russia and whose closest ancestor was 

not detected in Russia. 

 

  
 

Fig. 1. Haplotype networks of Russian SARS-CoV-2 genomes. Graph vertices represent 

substitution patterns (a certain combination of substitution mutations), which have been observed 

in SARS-CoV-2 genomes at least once. Direction of the haplotype network graph represents an 

increase in the number of mutations from the root (parent genome for the lineage) to the increased 

amount of substitutions. Russian substitution patterns (detected only in Russia or detected in 

Russia first) are colored in red, substitution patterns detected in single country outside Russia are 

colored in dark grey, patterns detected in several countries outside Russia are colored in blue. 

The size of the vertices is increased with the amount of countries this substitution pattern was 

observed in. Trimmed haplotype networks are created from untrimmed ones by selecting the most 

likely path to the root. Left: untrimmed haplotype network graph of Delta lineage in Russia. 

Right: trimmed haplotype network graph of Delta lineage in Russia 

 

 

 

We have detected 1012 imports of Delta lineage, 773 imports of BA.1 lineage and 

569 imports of BA.2 to Russia. Since Delta existed for about 10 months, while BA.1 and 

eary BA.2 existed for a few months each, the low abount of Delta imports suggests that 

anti-epidemic measures whiсh were applied in 2021 were effective way to decrease the 

number of imports of SARS-CoV-2 in Russia. Another interesting result is the 

comparison of our data with the paper by Klink et al. [4], which suggests that 90 % or 

Russian Delta genomes were descendants of one single import. Our data shows that only 

60 % of Russian Delta genomes were descendants of that import event, while the other 

30 % were re-imported repeatedly over 500 times during all of the course of pandemic. 

Conclusion: Haplotype networks are an efficient method of analysis, which allows to 

visualize and characterize big genomic data during massive pandemic events. 
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