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Abstract
Background: The World Health Organization declared the SARS-CoV-2 outbreak a global public health emergency from Wuhan/China to others countries. Methodology: Genetic analyses of sixty eight complete genomes of
SARS-CoV-2 (38 reference strain from China, 24 strain from USA and 7
strains from Spain and others from Japan and Korea) were performed. By the
Bio Edit software a multiple alignment of the COVID-19 sequences was performed for each of America (24 strains) and China (38 strains) separately, also, multiple alignments were made with 68 sequences of strains of the virus
from each of America, China and Spain. The mutation in complete genome
of virus was detected. Phylogeny tree representative strains from China, USA,
Spain and Japan with two MERS strains one from KSA and one from Korea
as comparable. Results: The result shown that 31.6% had point mutations in
Chinese strains, 73.9% in USA and 71.4 mutant strains in Spain. Most of the
mutation occurred ORF1ab, OFR7a, S gene and ORF6a respectively in China,
USA and Spain strains. Conclusion: The conclusion shown that there is a
high genetic identity between the selected strains of virus in China-Wuhan
and those that spread in America and Spain, which indicates that the epidemic center is coming from China. These observations provided evidence of
the genetic diversity and rapid evolution of this novel coronavirus.
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1. Introduction
In December 2019, a new coronavirus strain was discovered in Wuhan-China,
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which is officially named COVID-19. Within two months of the discovery of the
first patient, it has now out brake across China and in all areas globally [1]. More
than two millions people were infection till time, the highest infection in USA,
Europe and Asia especially in China [2] [3].
Due to unlock down of the city of Wuhan as the epidemic center, and many
people (Students, workers, officials and visitors) traveled for business or spend a
nice time in new year without caution and inadvertency from all countries in
America, Europe and Asia, many events contributed speeded the outbreak of
SARS Epidemic. Some of these factors not activation the quarantine clauses, the
biology of virus was unknown causes high contamination with virus [4] [5].
Regularly updated information on severe acute respiratory syndrome coronavirus COVID-19 outbreak is available on ECDC’s website [6], the European Commission website [7] and the World Health Organization’s website [3].
Nucleotide substitution has been proposed to be one of the most significant
components of viral advancement in nature [8]. The fast spread of SARS-CoV-2
brings up captivating issues, for example, regardless of whether its development
is driven by changes. Since December 2019, the SARS-CoV-2 has infected more
than 2 million people and caused deaths among them (with high case-fatality
rate) and has spread to most world countries according to WHO reports 90 - 91
[1] [2].
Therefore, it is critical to track and characterize the COVID-19 genomic variants in different geographic locations of epidemic. In this study, aim to determination the genetic variation in coding and non-coding regions of viral genome and made comparison between China, USA and Spanish strains to give
explanation of sources of epidemic.

2. Methodology
2.1. Analysis Data Methods
In this study, the sequencing data of 68 SARS-CoV-2 strains were retrieved for
from genbank. A length of 3000 base of 38 SARS-CoV-2 strains from China were
read separately from 24 SARS-CoV-2 virus from USA and 7 SARS-CoV-2 strains
from Spain. Multiple alignment was performed for SARS-CoV-2 strains group
based on Bio Edit software.
The multiple alignment nucleotide gathering course of action was performed by
Bio Edit software and the succession of the strain China/Wuhan. Mu-1/2020/ was
utilized as leading sequence alignment for China strains. while, the MT258379.1
USA/CZB-RR057-007/2020 was utilized for alignment USA strains.

2.2. Mutation Detection
We aligned the clean data to SARS-CoV-2 complete genomes (MN908947.3 as
RefSeq as Leading sequence). Based on compartment triple codon of ORF1ab, S,
ORF6a and other genes, the mutation types were determined the Missense mutation, Silent mutations and Insertion/Deletion.
DOI: 10.4236/aid.2020.103004
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2.3. Phylogenetic Analysis
Phylogenetic tree construction by the UPGMA method was performed using
MEGA X software [9].

3. Results and Discussion
3.1. Epidemic Outbreak
The recent epidemic map of SARS COV2 through the world was shown that the
COVID-19 outbreak globally, the SARS-CoV-2 has infected more than 5,000,000
people and caused more than 300,000 deaths, this epidemic was spread to Western Pacific Region 19 countries; European Region 60 countries; South-East Asia
Region 10 countries; Eastern Mediterranean Region 22; Region of the Americas
54 countries and African Region 47 countries according to the Data as received
by WHO from national authorities, 14 May 2020 (WHO Update on the Coronavirus disease 2019 (COVID-19) Outbreak, 2020) USA, Span, Italia, China representative the high infection, while other countries shown low incidence.
The highly outbreak of epidemic in USA, Russia, Spain, Italy and others countries in Europe, USA, Asia, Africa and Australia (Figure 1). The outbreak of epidemic may correlated with many factors: The epidemic outbreak is associated
with the average age of the communities, the nature of the habits in those societies,
congestion in mass transportation such as metro transportation, and present of
high percentage of old age groups of 75 - 100 years. Another factor that helped
spread the epidemic is the silence of the Chinese authorities on Disclosure of the

Figure 1. Schematic diagram of the outbreak of COVID-19 epidemic percentage through
the world shown high percent infection in USA (44%) followed Russian and Spain (8%
for each).
DOI: 10.4236/aid.2020.103004
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spread of the virus in Wuhan for many days, and this silence was associated with
the Lunar New Year, continued flow of workers, students and citizens from China
to various countries of the world, especially America, Italy and Spain.
The low beware response in the initial stages of the pandemic is the same aspect in the world. The response from some USA, Spain and others worlds’ cities
was grim, while others appeared to be holding steady in these early days of the
outbreak. Without taking these precautionary measures. For example, Till March
11, 2020, New York City’s subway system, the nation’s largest, was down 18.65
percent, compared to the same day last year, whereas China announced a large
outbreak of the epidemic in January and February and declared Quarantine in
most cities.
The extension of COVID-19 epidemic through the four months shown different infection values, USA representative the highest area followed by European countries while others countries shown low values Figure 2.

3.2. Molecular Characteristics of Coronaviruses
COVID-19 are enveloped with a non-segmented, positive-sense, single-strand
RNA, with size about 3000 bases, and consider as largest known genome among
RNA viruses [10].

Figure 2. Number of coronavirus (COVID-19) cases worldwide as of May 20, 2020, by country. Figure cited from:
(https://www.statista.com/statistics/1043366/novel-coronavirus-2019ncov-cases-worldwide-by-country/).
DOI: 10.4236/aid.2020.103004
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The genomic structure of COVID-19 is compose of ORF1ab and S (Spike), E
(Envelope), M (Membrane), N (Nucleocapsid). There are accessory genes interspersed within the structural genes at the 3' end of genome [11]. Some of
point mutation some of which have been shown to may be an important roles in
viral pathogenesis [12]. The S protein is responsible for receptor-binding and
subsequent viral entry into host cells, the M and E proteins play important roles
in viral assembly, and the N protein is necessary for RNA synthesis [13].

3.3. Distribution of Variants in SARS-CoV-2 Genome
After aligning the sequencing data to the SARS-CoV-2 genome, we detected the
mutations of 38 samples from China. 24 from USA and 7 from Spain. Based on
the mutations of SARS-CoV-2 in 36 samples, Most of the mutations occupied a
large part of the gene S, N and M: S, N, and M. Since most of the mutations were
located more than one sample, we deduced that the functions of the discovered
mutation need to be further verified according to lab experiments. Surprisingly,
we also found that 7 among 11 samples were heterogeneous at loci 8782. This
may imply that the hosts have two different virus strains. Also, we find creditable Del. (Deletions), during the mutation analysis.
3.3.1. Multiple Sequence Alignment of 38 Chinese COVD-19 References
Strains
The results of multiple sequence alignment of 38 Chinese COVID-19 shown 22
out of 38 of Chinese strain had 100% identity with reference strain MN908947.3,
while 12 out of 38 strains shown 97% - 99% identity [14]. The multiple alignment shown consistent variation among COVID-19 strains. Interestingly, the
variant (8785: C > T) is identified in 9 of samples. The variant (17,376: C > T)
occur in 3 samples, and variant (28,147: T > C) shows consistent heterozygosity
in 9 samples, while others variants occur in one or two samples. Most of variants
occurred in ORF1ab gene, S gene, ORF3a gene and ORF6 Figure 3.
3.3.2. Multiple Sequence Alignment of 24 USA COVD-19 RefSeq Strains
The results of multiple sequence alignment of 24 USA COVID-19 strains shown
4 out of 24 of USA strain had 100% identity with reference strain MT258379.1,
while 20 out of 24 strains shown 93% - 99% identity. The multiple alignment
shown consistent variation among COVID-19 strains. Interestingly, the variant
in non-coding region (241: T < C) in 11 samples, (313: C < T < Y) occurred in 3
samples; The variant in ORF1ab coding regions was (2446: T < C) occurred in
two samples, (3037: T > C) is identified in 11 of samples, The variant (11,083:
G > T) occur in 4 samples, and variant (14,407: T > C) occurred in 11 samples.
In ORF6 gene the variant (25,563: G < T) occurred in 4 samples, In N gene the
variant (28,144: T < C) occurred in 4 samples. All the previous variants shows
consistent heterozygosity in all samples. The isolates from States: Rhode Island
(RI); Arizona (AZ); Georgia (GA:MT304479.1; MT276328.1) shown 100% identity with reference leading sequence strain, while the strains of States: WA, MA,
DOI: 10.4236/aid.2020.103004
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TX, IL, GA and OR shows consistent heterozygosity in all samples (T < C) Figure 4.
3.3.3. Determined the Mutations Type Along COVID-19 Genome
Most mutation types which observed in this genetic analysis study were transition mutation (pyrimidine to Pyrimidine (C > T), transverion mutation (Purine

Figure 3. Multiple sequence alignment of Chinese SARS-CoV2 virus strains, shown 98%
- 100% identity with reference strain MN908947.3. representative genes locations OFR1ab,
S gene, ORF3a, E, M, ORFa, ORF8, ORF6, N, and ORF10.

Figure 4. Multiple sequence alignment of USA SARS-CoV2 virus strains, shown 93% 99% identity with reference strain MT258379.1. representative genes locations: OFR1ab, S
gene, ORF3a, E, M, ORFa, ORF8, ORF6, N, and ORF10.
DOI: 10.4236/aid.2020.103004

34

Advances in Infectious Diseases

Z. K. Imran, K. M. A. Hasan

to Pyrimidine: G > T) and deletion. Most frequently mutations observed one is
C > T as shown in Figure 5(a). Our results consistent with the results of Variant
analysis of COVID-19 genomes [15] [16].
3.3.4. Evaluation the Genetic Variations of Different Genes
of 23 COVID-19 Strain from Chinese and USA
The result of multiple alignment of 23 strains from Chinese and USA was verified two aims: the first performed compartment between Chinese strains & five
samples from Wuhan the center of epidemic and one from Fuyang, and USA
strains most of them from Washington State (13 samples from WA), two samples from MN and CZB for each.
The results shown that all the six Chinese samples have 100% identity with
reference sequence leading strand (MT259226.1), this highly identity percentage
was emphasis the unity form genetic pool of COVID-19 in China. At the same
time the present of two type of mutation (Transition and transverion) and all the
previous variants (C > T; T > C) and A > G; G > T) shows consistent heterozygosity in all samples. This may explain the USA COVID-19 strains undergo high
rate of mutation, and this development in genetic asses the aggressiveness of virus and encouraged it pathogenesis in USA and Europe, this results agree with
Lyons and Lauring [17].
Whole genome sequencing analysis of 24 USA strains of the COVID-19 virus
retrieve from gene bank representative different Countries between the end of
December 2019 and mid-march 2020 showed 93% - 99.9% homology, with significant mutation, the validity of mutation converted many amino acid in the
proteins of ORF1ab, S gene, ORF3a and ORF8. The most amino acid changed
were Praline to Lucien, Lucien to Phenyl alanine in ORF1ab protein, Aspartic
acid to Glycine in S protein, Glutamate to Histidine ORF3a, Serine to Lysine and
lysine to Serine in ORF8 protein (Figure 5(b)). our result differ from result of
Holshue et al. [18], when the found only 3 nucleotides and 1 amino acid that
differed at open reading frame 8 between this patient’s virus and the 2019-nCoV
reference sequence (NC_045512.2).
3.3.5. Phylogeny Tree
The UPGMA phylogenetic tree (Figure 6) using MEGA-X was performed on
OFR1ab gene sequences of selected 25 reference strains of COVID-19 deposit in
genbank in 2020, is represented in SARS clade. In the tree, MERS virus sequences KT029139.1 MERS-CoV/KOR/KNIH/002_05_2015, KT026453.1 MERS
Hu/Riyadh_KSA_2959_2015 [19], and KC776174.1 Human betacoronavirus 2c
Jordan-N3/2012 formed a distinct clade (clade MERS), and SARS clade representative all other SARS virus strains of 2019-nCoV from China, USA, Spain and
Japan, clustering together one clade. The 2019-nCoV strains from China, USA,
Japan and Spain were significantly closely related with each other in on clade
SARS (Figure 6).
The result of phylogeny tree (Figure 6) shown close convergence between the
DOI: 10.4236/aid.2020.103004
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(a)

(b)

Figure 5. (a) Multiple sequence alignment ORF1ab gene region (250 - 1500 nt) of SARSCoV2 virus strains, 4 Chinese strains::MT259227.1-MT259229.1 shown 100% identity
with reference strain MT258379.1, while other Chinese and USA strains shown 93% 99% identity. (b) Multiple sequence alignment ORF1ab gene region (250 - 1500 nt) of
SARS-CoV2 virus strains, 4 Chinese strains::MT259227.1-MT259229.1 shown 100% identity with reference strain MT258379.1, while other Chinese and USA strains shown 93% 99% identity.
DOI: 10.4236/aid.2020.103004
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Figure 6. Phylogenetic analysis of the 25 COVID-19 virus strains from China, USA, Spain and Japan, clustering together one clade (SARS COVID-19, 2020) with two MERS virus strain KT029139.1 CoV/KOR/KNIH/
002_05_2015, KT026453.1 Hu/Riyadh_KSA_2959_2015, and one strain KC776174.1 betacoronavirus 2c Human Jordan-N3/2012.

strains of the COVID-19 in the evolutionary tree, which indicates, even without
doubt, that all strains of the COVID-19 belong to one evolutionary origin [20],
and the source of the virus and its spread based on tracking epidemic genetically
of the virus strains, this results consistent with Rambaut [21]. The phylogeny
tree (Figure 6) of the COVID-19 was confirm that the source of epidemic is the
Chinese city of Wuhan, and that the differences that were established within the
multiple alignment of different sequences from their spread sites in China,
America, Japan and Spain may return to a level of readiness to occur counting
mutations among the strains of interest.

4. Conclusion
The conclusion shown that there is a high genetic identity between the selected
strains of virus in China-Wuhan and those that spread in America and Spain,
which indicates that the epidemic center is coming from China. These observations provided evidence of the genetic diversity and rapid evolution of this novel
coronavirus.
DOI: 10.4236/aid.2020.103004
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