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Abstract The new coronavirus disease (COVID-19) broke out earlier in Wuhan, and

the plague spread rapidly from multiple resources of different countries. COVID-19

has caused millions of diagnosed people worldwide, causing many deaths and pos-

ing a severe threat to public health in countries around the world. Facing this urgent

situation, in-depth research on the emerging SARS-CoV-2 to understand the related

pathogenic mechanism and epidemiological characteristics is urgent. This type of

activity would be useful to determine its origin to formulate effective prevention

and treatment strategies for affected patients.

This paper adopts t-SNE based on machine learning to draw a phylogenetic tree

from collected genomic sequences to analyze G20 countries’ samples. The phylo-

genetic tree of the generating mechanism was described, and intermediate results

were illustrated. The results of this research showed that viruses in many countries

have similar or similar relationships among the gene sequences.
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Introduction

Coronavirus belongs to the Nestoviruses, Coronaviridae, and Coronavirus gen-

era. It is a type of RNA virus with an envelope and a linear single-stranded genome.

It is a large class of viruses that widely exist in nature. Certain coronaviruses can in-

fect humans and cause diseases, such as Middle East respiratory syndrome (MERS)

and severe acute respiratory syndrome (SARS), whose symptoms can range from a

common cold to severe lung infections.

The coronavirus outbroken earlier in Wuhan in December 2019 is a virus strain

that has not been previously discovered in humans and was named by the WHO

as the 2019 novel coronavirus ”2019-nCoV” (2019 novel Coronavirus). On Febru-

ary 11, 2020, the virus was named ”SARS-CoV-2” (Severe Acute Respiratory Syn-

drome Coronavirus 2) by the Coronavirus Study Group (CSG) of the International

Committee on Taxonomy of Viruses. At the same time, the disease caused by the

virus infection was named ”COVID-19” (Corona Virus Disease 2019) by WHO.

2019-nCoV is a new member of the severe acute respiratory syndrome coronavirus

family (SARS-CoV) and is labeled SARS-CoV-2 [7].

In the following days, from Europe to North America, its fatal impact is threat-

ening the entire world. According to the World Health Organization (WHO) latest

update data, more than 2 million people have been diagnosed in more than 200 coun-

tries and regions across the country. According to WHO 1, in these cases, approxi-

mately 200,000 confirmed cases died. The new coronavirus (2019-nCoV) meets the

definition of all epidemics actively. COVID-19 manifests as fever, sore throat and

pneumonia and accompanying severe acute respiratory distress symptoms [6].

Although researchers worldwide have invested considerable time and energy in

this work, the relationship of COVID-19 in different regions has not yet formed a

conclusion.

Researchers, however, have proposed many classification algorithms based on

machine learning. Most of these algorithms are unsupervised algorithms that are

very suitable for the classification of viruses in various countries to obtain a rough

classification of viruses in various countries. Therefore, in this study, we tried t-SNE

algorithms in machine learning to cluster the gene sequences of G20 countries and

construct a phylogenetic tree to show virus evolution. From the experimental results,

we can see that the virus sequences in these countries can be divided into various

major categories, that is, the sources of viruses in countries classified by machine

learning in the same category may be the same.

Here, we describe our work as follows:

• Exploring the different k of k-mers as virus characteristics,

• We use a variety of machine learning-based algorithms t-SNE to cluster the

G20 countries’ new coronavirus gene sequences to explore the relationship

between viruses in each country

• Attempt to show the connection and mutation of viruses among countries

through the phylogenetic tree.

1 https://covid19.who.int/
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The rest of the paper is composed as follows: Materials and Methods introduce

our work’s bases. Next, the experiments and discussion are included. Finally, our

research conclusions are proved.

Materials and Methods

In this section, we will give a detailed introduction to the materials and methods

used.

Datasets

All datasets used in this work were from various open-source genomic banks

CNCB 2 and GISAID 3, and we cleaned the data. The virus information is shown in

Table.1:

Table 1: aThe information about virus’ gene sequence

No. Name Id Collected Date Locality

1 Australia.fasta EPI ISL 420006 2020-03-24 Australia

2 Belgium.fasta EPI ISL 420432 2020-03-23 Belgium

3 Brazil.fasta EPI ISL 427306 2020-03-10 Brazil

4 Canada.fasta EPI ISL 413014 2020-01-25 Canada

5 Chile.fasta EPI ISL 414580 2020-03-05 Chile

6 China.fasta EPI ISL 414692 2020-02-25 China

7 England.fasta EPI ISL 414500 2020-03-04 England

8 France.fasta EPI ISL 414500 2020-03-23 France

9 Germany.fasta EPI ISL 414521 2020-03-02 Germany

10 India.fasta EPI ISL 424365 2020-03-17 India

11 Italy.fasta EPI ISL 419254 2020-03-23 Italy

12 Japan.fasta EPI ISL 419307 2020-03-20 Japan

13 Mexico.fasta EPI ISL 424673 2020-03-12 Mexico

14 Russia.fasta EPI ISL 420080 2020-03-18 Russia

15 SaudiArabia.fasta EPI ISL 416522 2020-03-10 SaudiArabia

16 Singapore.fasta EPI ISL 420111 2020-03-12 Singapore

17 SouthAfrica.fasta EPI ISL 421575 2020-04-01 SouthAfrica

18 SouthKorea.fasta EPI ISL 413516 2020-02-27 SouthKorea

19 Turkey.fasta EPI ISL 424366 2020-03-17 Turkey

20 USA.fasta EPI ISL 424353 2020-04-02 USA

2 https://bigd.big.ac.cn/ncov/release_genome
3 https://www.gisaid.org/epiflu-applications/next-hcov-19-app/
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t-SNE

t-SNE (t-distributed stochastic neighbor embedding) [3] is a machine learning

algorithm for dimensionality reduction. Laurens van der Maaten proposed it, and

Geoffrey Hinton in 2008, based on SNE [4], proposed it. t-SNE is a nonlinear di-

mensionality reduction algorithm that is very suitable for high-dimensional data re-

duction to 2 or 3 dimensions for visualization. In addition, it has meaning when the

data are marked, which can clearly show the input data’s clustering status. The main

idea is to use conditional probabilities to represent the distance of high-dimensional

distribution points and low-dimensional distribution points. As long as the condi-

tional probabilities of the two are very close (training with relative entropy, so labels

are needed), it means that the points of the high-dimensional distribution have been

mapped to the low-dimensional distribution.

In this article, the t-SNE algorithm clusters viral gene sequences in the following

two steps:

• Extract the feature vectors of virus genes from G20 countries

• Using the t-SNE algorithm to cluster the extracted feature vectors

Feature extraction

The gene sequence is composed of four essential elements: {”A”, ”T”, ”C”,

”G”}. The length of each COVID-19 virus gene sequence is approximately 30,000.

To cluster the G20’s virus gene sequences with t-SNE, we first extracted the corre-

sponding features of each sequence.

Before that, we first need to know the concept of a proper noun, mer (monomeric

unit, mer), which means monomer unit in molecular biology. Units commonly used

in nucleic acid sequences represent nt or bp. For example, 100 mer DNA represents

a single-strand length of 100 nt or a double-strand length of 100 bp. The k-mer [5]

refers to dividing the nucleic acid sequence into a string containing k bases, that

is, iteratively selecting a sequence of length k bases from a contiguous nucleic acid

sequence. If the length of the nucleic acid sequence is L, k-mer If the length is k,

then L−K +1 k-mers can be obtained.

We use the number of k-mers as the characteristics of our gene sequence in our

work, but unlike other k-mers methods, we will count the repeated k-mer only once.

We need to explore which k-mers are the most important components of gene se-

quences. Therefore, we designed an experiment to explore the relationship between

k-mers of different lengths and viral gene sequences. Finally, we found that the

length k satisfying 5 ≤ k ≤ 40 is more appropriate.
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Clustering use t-SNE

After extracting the gene feature, we use the number of mer types minus the aver-

age and average of the corresponding mer number as the feature vector of each virus

gene. Then, the t-SNE algorithm is used to cluster and display the viral sequences

of G20 countries.

Phylogenetic tree

A phylogenetic tree [1] or evolutionary tree is a kind of tree structure diagram

commonly used to express the genealogical relationship of species. At the molecular

level, the distance between kinship is usually expressed by differences in DNA (or

protein) sequences.

There are many ways to build a phylogenetic tree, and we use the distance method

in our work. The distance-dependent method means that the two sequences’ evolu-

tionary distances determined the topological shape of the phylogenetic tree. The

length of the clade branch represents the evolutionary distance.

d(x,y) =
√

(x1 − yx)2 +(x2 − y2)2 + ...+(xn − yn)2 =

√

n

∑
i=1

(xi − yi)2 (1)

Specifically, we use UPGMA (unweighted pair group method with arithmetic

mean) based on the distance method in our work, where distance refers to Euclidean

distance (Eq. 1) [2]. The detailed steps are as follows:

• We first generate a ”distance matrix” by comparing two gene sequences and

then calculating each pair of sequences’ gene distances. In short, the number

of two sequences that do not match (of course, the actual calculation is more

important than this Much trouble);

• Then, the pairwise alignment distance matrix is used to estimate the two se-

quences with the shortest distance. These two sequences form the two clades of

the evolutionary tree. Then, the distance matrix between these two alignments

restarts to find the two closest sequences. However, unlike before, the two most

similar sequences are connected to the tree by one node. And so on until the

end.

• Draw the tree according to the distance with Biopython 4.

4 https://github.com/biopython/biopython.github.io
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Experiments and Discussion

Find the suitable k of k-mers

The results in Fig. 1 show that when the k of k-mers of the subsequence is too

short, the number of mers is particularly poor. For example, when k equals 1, there

are only four types of mers. The k is too large; however, the types of mers are close

to the length of the gene sequence. For example, when k equals 100, the number of

mers is close to 3000. That is, when k is less than or greater than a certain length, it

has almost no effect on the division of different genes for each country, and all the

polylines will tend to be stable. Moreover, to observe more clearly, we subtracted

the average of the number of categories corresponding to each mer. The result is

shown in Fig. 2.

Fig. 1: The relationship between different k and mer types. The abscissa is the length k of mer, and

the ordinate is the various numbers of the mer.
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Fig. 2: The relationship between different k and the mer types after subtracting the average value.

The abscissa is the length k of mer, and the ordinate is the various numbers of the mer.

According to the experimental results, we can see that when the length satisfies

5 ∼ 40, where k is the length of the mers, the types of mers become more evident, so

we use 5 ≤ k ≤ 40 as the length of the mer to extract features of the virus sequence

and carry out the next exploration experiment.

Clustering with t-SNE

The clustering results with t-SNE of the viral gene sequences of G20 countries

are shown in Fig. 3,4, Fig. 3,4. We can see that the t-SNE algorithm clustered

the viral gene sequences into at least eight major categories. For example, it clus-

ters France, Germany, and Mexico into one category, which means that their virus

sources may be the same. Then, the United States, Singapore, Belgium, and Turkey

can cluster into another. This phenomenon indicates that their virus source may be

the same. Japan’s virus gene sequence and other countries have not been clustered

but have become a cluster alone, indicating that Japan’s virus source may be differ-

ent from other G20 countries.
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Fig. 3: The clustering results by minus the minimum of corresponding subsequence types.

Fig. 4: The clustering results by subtracting the average of the corresponding subsequence types.
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The G20 phylogenetic tree

Fig. 5 is a phylogenetic tree of virus sequences in G20 countries, which shows

the evolution of viruses in G20 countries. It is worth mentioning that no matter how

we disturb the input data’s order, the results we obtain are the same. This result

shows that this phylogenetic tree is relatively stable and can represent the evolution

of the gene sequences of G20 countries.

Fig. 5: Phylogenetic tree of viral gene sequences in G20 countries.

Conclusion

This paper analyzes the gene sequence of COVID-19 in G20 countries and per-

forms many experiments. First, we propose to use a method based on k-mers to

extract the features of each virus sequence, select a suitable range of k, and use

the mers types as the feature vector of each virus gene. Then, we cluster the virus

sequences of various countries by using the machine learning algorithm t-SNE. Fi-

nally, we draw the phylogenetic tree of viruses in the G20 countries with subse-

quences as virus characteristics. Our work found that the viruses of the G20 coun-

tries can be roughly divided into eight categories. Furthermore, the phylogenetic

tree shows that each country’s genetic viruses have a common source and have their

characteristics.
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Figures

Figure 1

The relationship between different k and mer types. The abscissa is the length k of mer, and the ordinate
is the various numbers of the mer.



Figure 2

The relationship between different k and the mer types after subtracting the average value. The abscissa
is the length k of mer, and the ordinate is the various numbers of the mer.



Figure 3

The clustering results by minus the minimum of corresponding subsequence types.



Figure 4

The clustering results by subtracting the average of the corresponding subsequence types.



Figure 5

Phylogenetic tree of viral gene sequences in G20 countries.


