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Abstract: Severe Acute Respiratory Syndrome – Coronavirus 2 

(SARS-COV2) caused the COVID-19 global pandemic. In a few 

months, the virus has spread throughout the world and mutated 

into several variants or strains. These new variants are spreading 

rapidly overtaking the ancestral variant. Across the world, 

Different variants have become prevalent. The effect of these 

mutations on the virulence of the virus is still unknown. However, 

the mutations can be used to trace the transmission and genetic 

variations of the virus by phylodynamic analysis of the viral 

genome. Viral phylodynamics is the study of how different aspects 

such as evolution, immunology, and epidemiology interact and 

shape the virus and its phylogeny. The study presented in this 

paper helps in better management of pandemics and design better 

vaccines and drugs against the virus. Nextstrain Project helps us to 

develop phylodynamic studies of different viruses and track their 

evolution and transmission. A vast collection of genome samples 

from diverse populations and the metadata connected to the 

samples helps in constructing a better phylodynamic analysis. It 

can also help to understand the origin of a virus by tracking 

zoonotic transfers and genetic variations. Here, we use the 

community standard Nextstrain pipeline to analyze the SARS-

CoV2 phylodynamics and track its transmission and evolution into 

different strains as it spreads through the population of India.   

Index Terms:COVID-19, evolution, mutations,Nextstrain,SARS-

COV2 (Severe Acute Respiratory Syndrome – Coronavirus 

2),transmission, and viral phylodynamics.   

I. INTRODUCTION 

Covid-19 is an infectious disease caused by the novel Severe 

Acute Respiratory Syndrome Coronavirus 2 (SARS-COV2). The 

first reported outbreak was in Wuhan in December 2019. The 

first case of COVID-19 in India came to light on 30 January 

2020 and since then it has rapidly spread in the country. At the 

time of writing this paper, there are around 12 lakh confirmed 

cases of COVID-19 in India and around 29,000 deaths related to 

this disease  i.e., the mortality rate is 2.4%. The R0 value of  the 

virus in India was found to be 1.471(Kanagarathinam & Sekar, 

2020). 

Viral Clades Classification  

The old classification of clades according to the mutations in 

the early stages of the pandemic can be seen in Table 4. In this 

classification, the clades were broadly defined as the number of 

mutations the virus went through was less. Later, the Nextstrain 

team classified the clades according to the mutations as shown in 

Table 3. In the later classification, the A2a clade was divided 

into three clades namely 20A, 20B, and 20C. This made the 

clades more specific and well defined. The GISAID organization 

on the other hand, classified the clades as shown in Table 

5.Previously, work has been done in the epidemiology of 

COVID-19 in India which suggests the prevalence of A2a clade 

in the country and the rise of a new clade (Banu et al., 2020). 

But as the pandemic progresses, the distribution of the novel 

coronavirus clades across the country change, and new clades 

are being identified with increasing mutations in the virus.   

The present research aims to gain insights into the latest 

composition of viral clades of the novel coronavirus in India, its 

transmission dynamics, mutations, genetic variants, and the 

prevalent clades in different parts of India.   

II. MATERIALS & METHODOLOGY 

The analysis was performed using a community standard 

Nextstrain pipeline with changes made to run a country-specific 

analysis.   

 

Nextstrain (Hadfield et al., 2018)  

Nextstrain is an open-source project. It makes use of two 

tools, Augur, a bioinformatics toolkit, and Auspice, a 

visualization tool. The pipeline consists of individual modules in 

an order as represented in DAG (Directed Acyclic Graph) which 

finally produces the results. 
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Figure 1: Figure showing DAG followed by Nextstrain pipeline. 

Sources of the samples  

Samples (genome sequences) along with their metadata were 

obtained from the GISAID website (Shu & Mccauley, 2017) and 

NCBI’s Genbank (Clark et al., 2015). The reference genome is 

obtained from Genbank with theaccession ID ‘MN908947’ (Wu 

et al., 2020). 1300 samples were collected from both the sources 

out of which 849 are Indian samples and the rest are from 

around the world.  

 

Subsampling criteria: 

 
Table 1: Subsampling criteria 

Parameter  
Number of 

samples 

Location 300 

Country 300 

Division 

(States) 
300 

Date 100 

 

Steps involved in the Nextstrain pipeline:  

 

Filtering and Masking  

The sequence data along with metadata were filtered 

according to the parameters set by the Nextstrain/ncov pipeline. 

100 bases from the beginning and 50 bases from the end along 

with bases at positions 13402, 24389, and 24390as per the 

reference genome are masked as they are prone to sequencing 

error according to Nextstrain.   

Alignment   

The multiple sequence alignment was carried out using 

MAFFT (Katoh, 2002) and visualized by UGENE 

(Okonechnikov et al., 2012).  

Building a phylogenetic tree  

The aligned sequences were used to construct a maximum 

likelihood phylogenetic tree using IQ-TREE (Nguyen et al, 

2014). Branch lengths of the tree depend on the nucleotide 

divergence. Gene positions and site numbers are derived from 

the reference genome. 

Refining the tree to get a time-resolved tree  

The phylogenetic tree is re-rooted with the least-squares 

method which produces a Timetree (Sagulenko et al, 2018) i.e. it 

plots the phylogenetic tree against the time. The Timetree is 

annotated with metadata provided with Augur/Traits 

subcommand.  

Identifying the mutations  

Nucleotide mutations in the genome are identified by 

Augur/Ancestral subcommand. The nucleotide sequences are 

converted into Amino acids sequences according to the reference 

sequence and amino acid mutations are identified through 

Augur/Translate subcommand. All mutations, node data, and 

annotations are written to a .JSON file.  

Visualizing the results  

All the required files are collected and written into a .JSON 

file by Augur/Export v2 subcommand. Auspice visualizes the 

created .JSON file.    

III. RESULTS & DISCUSSION 

In the analysis, a total of 1205 genomes out of 1300 were used 

which were submitted to GISAID between December 2019 and 

July 2020. In India,the A2a clade was found to be dominant 

(Banu et al., 2020).But according to the new Nextstrain clade 

classification A2a is divided into three clades,of which 20B is 

found to be prevalent in India. Mutations occurring frequently in 

Indian samples are shown in the table. The mutation rate specific 

to Indian samples of the virus is found to be 27.619 substitutions

per year (~8*10
-4

substitutions/nucleotide/year). 

 

Table 2:  Most frequently occurring mutations in the Indiansamples. 

Mutated 

Codons 
Gene 

Nucleotide 

Site 
Entropy 

P314L ORF1b 314 0.678 

D614G S 378 0.673 

F3606L ORF1a 3606 0.636 

P10S ORF9b 514 0.626 

V88A ORF1b 614 0.612 

L13P N 3606 0.612 

T2016K ORF1a 251 0.598 

G204R N 3220 0.466 

G50N ORF14 84 0.466 
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Figure 2: Graph representing the most frequently occurring 

mutations in the Indian samples. 

 

Initially, in India, many of the samples were found to be of an 

ancestral variant (Wuhan-01). Later, different variants of the 

virus introduced from around the world started transmitting 

among the local population and became prevalent overtaking the 

ancestral type. This can be observed in the time-resolved 

phylogenetic tree Fig.3. 

 
Figure 3: Time-resolved phylogenetic tree of SARS-CoV2 in Indian 

population 

 
Figure 4: Composition of new Nextstrain clades of the virus in 

India. 

 

Particularly a strain called ‘20B’ has become prevalent in 

India. Of the 170 samples collected in June 2020, 84 samples 

were of 20B clade, 60 of 20A clade, 14 of 19A, 8 of 19B, and 4 

of 20C clade. This analysis is also conducted at the state level 

selecting a few states for which ample numbers of samples were 

available. The observations are as follows. 

 

A. Telangana (Mar20-Jun20): All the new cases emerging 

are of ‘A2a/20B’ clade of the Nextstrain clade 

nomenclature and ‘GR’ clade of the GISAID clade 

nomenclature. The most frequent mutations are 

‘ORF1a: K2016T’ & ‘ORF1a: F3606L’.   

 

B. Gujarat (Mar20-Jun20): ‘A2a/20A’ clade according to 

the Nextstrain clade nomenclature and two clades ‘G’ 

and ‘GH’clade of the GISAID clade nomenclatureare 

on the rise. The most frequently occurring mutation is 

‘ORF3a: Q57H’.   

 

C. West Bengal (Mar20-Jun20): In West Bengal 

‘A2a/20A’ clade of the Nextstrain clade nomenclature 

and ‘G’ clade of the GISAID is prevalent. The most 

frequent mutation is ‘ORF1b:V88A’.  

 

D. Maharashtra (Mar20-Jun20): Many of the new cases 

belong to the ‘A2a/20A’ clade of the Nextstrain clade 

nomenclature and ‘GR’clade of the GISAID clade 

nomenclature. The frequent mutation is ‘ORF1b: 

P314L’.  
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E. Odisha (Mar20-Jun20): ‘A2a/20A’ clade of the 

Nextstrain clade nomenclature and ‘G’ & ‘O’ clade of 

the GISAID clade nomenclature are prevalent. The 

most frequent mutation is ‘S D614G’.  

 

F. Karnataka (Mar20-Jun20): Most of the new cases 

belong to ‘A2a/20A’ clade of the Nextstrain clade 

nomenclature andGR clade of the GISAID clade 

nomenclature. The most frequent mutation is ‘EV75F’.  

CONCLUSION 

‘20B’ and ‘20A’ clades are becoming dominant in India with 

a mutation rate of 27.619 subs per year (~8*10
-4

 subs/nuc/year) 

and the most frequently occurring mutations are given in Table 

2.As the pandemic progresses more data will emerge and newly 

emerging clades can be identified using this analysis. This 

analysis along with optimum data can help to track the 

transmission of the virus thus leading to better management of 

the COVID-19 in India and also identifying any mutations which 

might have a positive effect on the virulence of the virus.  
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APPENDIX 

Table 3: Table defining new Nextstrain clades according to 

mutations on the reference genome. 

Clades 
Sites on 

genome 

Mutate

d to 

19A  8782  C  

19A  14408  C  

19B  8782  T  

19B  28144  C  

20A  8782  C  

20A  14408  T  

20A  23403  G  

20B  8782  C  

20B  14408  T  

20B  23403  G  

20B  28881  A  

20B  28882  A  

20C  1059  T  

20C  8782  C  

20C  14408  T  

20C  23403  G  

20C  25563  T  

Source: Nextstrain 

Table 4: Table defining old clades according to mutations on the 

reference genome. 

Clades Gene Site Mutated to 

A1a  ORF3a  251  V  

A1a  ORF1a  3606  F  

A2  S  614  G  

A2a  ORF1b  314  L  

A3  ORF1a  378  I  

A3  ORF1a  3606  F  

A6  nucleotide  514  C  

A7  ORF1a  3220  V  

B  ORF8  84  S  

B1  ORF8  84  S  

B1  nucleotide  18060  T  

B2  ORF8  84  S  

B2  nucleotide  29095  T  

B4  ORF8  84  S  

B4  N  202  N  

B4  N  202  N  

Source: Nextstrain 

 

Table 5: Table defining GISAID clades according to mutations on 

the genome. 

Clade Gene Nucleotide Mutations 
Site and 

Mutation 

O  
ORF1a 

& ORF1b 
8782,14408 C 

G  S C241T, C3037T,  

A23403G  

D614G  

GH  ORF3a 

& S 

C241T, C3037T,  

A23403G, G25563T  

D614G, 

Q57H  

GR  S & N C241T, C3037T,  

A23403G, G28882A  

D614G, 

G204R  

V  ORF3a G11083T, G26144T  NSP6-L37F,  

NS3-G251V  

S  ORF8 C8782T, T28144C  L84S  

L  - - -  

Source: GISAID.org/epicov.org 

*** 
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