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Abstract

Chikungunya is an ongoing viral epidemic caused by a mosquito-borne viral pathogen,
Chikungunya virus (CHIKV). The disease has arisen to prominence during the last decade
and affected millions of people around the globe. We know that genetic variations in the
viral genomes have important role in imparting virulence to the newly evolved viral
strains. In this paper, we have done a genome wide analysis to study the striking
regularities and similarities along the genomes of CHIKV strains. The study includes
evolutionary analysis, genotype wise- inter and intra group studies and mutation trend
analysis. The observations from this study provide new insights into the genetic variations
and mutation trends along the genomes of CHIKV genotypes.
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Introduction

Chikungunya is one of the deleterious ongoing viral epidemics, caused by the viral
pathogen, Chikungunya Virus (CHIKV) [1, 2]. The disease is transmitted by Aedes genus
mosquito vectors and human and non human primates are the primary host of the virus
[3]. Person to person transmission has not yet been reported. The disease persists between
2-12 days. Symptoms of the disease are fever, swelling of joints, joint pain, rashes,
vomiting, conjunctivae infection, arthralgia, nausea, etc [4, 5]. Till date, there were no
specific drugs developed for Chikungunya disease. Chikungunya disease was originated in
African countries and expanded to many countries around the globe. The first reported
Chikungunya infection was in Tanzania from a febrile patient in 1953[6]. The name,
Chikungunya was derived from a Makonde (local language of Makonde Plateau, along the
border between Tanganyika and Mozambique) word Kungunyala, which means ‘that which
bends up’. Chikungunya virus, causing Chikungunya infection, is a member of the genus
Alpha virus in the family Togaviridae [7]. Chikungunya virus has a single stranded positive
sense non segmented RNA virus, with a genome length of about 11,800 nucleotides [8]. The
5 end of the RNA genome is capped with a 7-methylguanosine and its 3’ end is
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polyadenylated. The Virus has two reading frames (ORFs), 5’ORF and 3’ ORF. The 5’ORF
encodes non structural poly protein, which later cleaved into four non structural protein,
nsP1-4. A cap dependent mechanism translates structural poly protein from the structural
protein ORF, which is included in a subgenomic message and the structural poly protein
subsequently cleaved into capsid and E1 and EZ envelop proteins. The genome
organization of CHIKV is 5’cap-nspl-nsP2-nsp3-nsp4-(junction region)-C-E3-E2-6K-E1-
poly (A) 3’ [9]. Chikungunya virions are spherical shaped with 60-70 nm in diameter
having icosahedral nucelocapsid. Previous studies have grouped Chikungunya viral strains
mainly into three genotypes; West African, Asian, Eastern, and Central and Southern
African (ECSA) [10].

The disease has an infamous history of outbreaks across tropical regions of Africa and Asia.
In the last decade, Chikungunya emerged as a dreadful global endemic, emanating severe
socioeconomic crisis all over the world. Massive out breaks were reported from African
countries, India, the Indian Ocean region, and Southeast Asia. Large scale Chikungunya
outbreaks were occurring during that time, in response to the high dissemination rates of
the disease, which in turn resulted with considerable diversity in CHIKV as its ensuant
effect. Numerous outbreaks were reported from African countries, including Senegal,
Comoros, Kenya, Congo, Cameroon, Nigeria, Mayotte, Mozambique, Ghana and, Uganda[11].
The Asian countries affected by the Chikungunya outbreaks were India, Pakistan, Sri Lanka,
Vietnam, Thailand, Malaysia, Indonesia, Cambodia, Myanmar, Taiwan, and Philippines. On
Indian Ocean islands CHIKV outbreaks have occurred in Mauritius, La Reunion, Seychelles,
and Madagascar. Chikungunya cases have been identified from North American countries
including Canada and USA and also from Italy [12]. The disease has spread out into various
parts of the world and serious Chikungunya cases are being reported even now. The
sporadic occurrences of CHIKV outbreaks are due to the genetic variability in Chikungunya
viral strains.

Analyzing CHIKV genome sequences and understanding the sequence patterns in
Chikungunya viral strains is important in designing suitable preventive measures for
controlling the infection. In this paper, a genome wide analysis of CHIKV strains has been
conducted to analyze the striking regularities and similarities along the genomes of CHIKV
genotypes. The Chikungunya viral sequences that are available in the public domain, that
have been used in this work are described below. This paper discusses the groupings of
such CHIKV referral sequences and also presents their basic statistical and phylogenetic
analysis. Moreover, this study analyzed the mutation trends along CHIKV genomes and
subsequently performed a comparative analysis of CHIKV genotypes.

Methods
Selection and Grouping of Referral Sequences

In order to draw knowledge and formulate techniques for identifying genotypes of
uncharacterized Chikungunya strains, a Chikungunya referral sequence database has been
compiled. Chikungunya sequences from NCBI with their genotypes already identified from
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previous studies, as on July 2012, were selected as referral sequences. The referral
sequence database consists of a total of 78 complete genomic sequences of Chikungunya
virus classified into five groups as given in Table 1[11,13]. For easy reference, brief IDs of
referral sequences and their corresponding NCBI IDs have been given in Appendix 1.

Sl. No | CHIKV Genotype Reference Sequence| No. of Sequences
1 Group | R1-R12 12
2 Group II R13-R34 22
3 Group Illa R35-R41 7
4 Group IlIb R42-R46 5
5 Group Illc R47-R78 32

Table 1: Summary table of CHIKV Referral sequences
(See Appendix 1 for NCBI IDs)

Chikungunya is presently classified into three major genotypes, Group I, I and III. Group I
is the West African Genotype, Group II is the Asian Genotype, and Group III is East
/Central/ South African Genotype (ECSA). Group III is further divided into three
subgroups: East/South/Central African subgroup (Illa), Indian Ocean sub group (IlIb) and
Asian subgroup (Illc) [11, 13]. The country of origin and year of reporting of each of the
group are shown in Table 2[10, 14].

. . Years of
Genotype| Subtype Country of Origin Reporting
Group I Senegal, Nigeria, Cote d'Ivoire 1963-2005
India, Indonesia, Thailand, Malaysia,
Group II USA, Philippines 1958-2007
Tanzania, South Africa, Democratic
Group IIT'| Illa Republic of the Congo, India 1953-1986
b Angola, Central African Republic, 1962-1982
Uganda
e Maurltlus, Reunion, India, Sri Lanka, 2006-2012
Singapore, Italy

Table 2: Details of Country of origin and years of reporting of CHIKV Referral Sequences
Phylogenetic Analysis

In order to confirm the groupings in CHIKV, a phylogenetic tree has been constructed using
our referral strains. Phylogenetic tree reconstructs the evolution of life and it is usually
performed to infer evolutionary relationship between organisms under consideration [15].
Phylogenetics try to cluster living things based on their level of similarity and it illustrates
the divergence pattern through the tree topology [16]. Molecular phylogenetics is a branch
of phylogenetics that deals with molecular level data like genomic sequences, DNA, RNA, or
protein sequences. The basic concept of phylogenetics is that the members of a clade in the
phylogenetic tree share a common evolutionary history and these are more related to each
other than to members of another group. Computational tree building tools apply statistical
approaches for generating phylogenetic trees. Most popular tree building packages are
MEGA, PHYLIP, PAUP and PAML [17]. Here, a neighbor-joining (N]) tree of CHIKV was
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generated, using MEGA 5 tool, and a boot strap analysis was performed for testing the
reliability of clades within the phylogenetic tree with 1000 replication cycles.

Preliminary group-wise analysis based on pair wise distances

In this step, pair wise distances between genomic sequences in each of the CHIKV
genotypes have been computed. Pair wise distance is a measure of character differences
between pair of sequences and can provide reasonable estimate of phylogenetic
relationship [18]. These distance values explain the difference or similarity of each pair of
taxa. Here, the pair wise distance estimation was performed using MEGA 6 [19] and mean
and standard deviation of these pair wise distances in CHIKV genotypes were also
estimated.

Distance Analysis based on Consensus Sequence

For analyzing the variations within CHIKV groups, we also took an alternate approach. We
computed the consensus sequences for each of the CHIKV groups using EMBL Consensus
tool [20]. Consensus sequence is a theoretical concept and it is generated from multiple
sequence alignment. Consensus sequence is generated by identifying and displaying the
most frequent residues at each position in the multiple sequence alignment [21]. It helps to
identify the conserved and variable regions along the sequences and to understand the
relatedness of sequences. In order to check the reliability of the tool, consensus sequences
were created using another consensus generating tool, EMBOSS cons [22]. After that, pair
wise distances and similarity percentages between consensus sequences of CHIKV
genotypes have been estimated to identify similarities and distances among CHIKV
genotypes. Further, an inter-group phylogenetic tree was also constructed to analyze
relatedness between CHIKV genotypes.

Evolutionary Calculations

Calculating evolutionary parameters provide information regarding sequence evolution.
Currently available phylogenic programs have inbuilt tools for estimating these
evolutionary parameters [19].

Evolutionary divergence

This parameter estimates the evolutionary divergence among sequences under
consideration. For calculating sequence divergence, mean distance of all the sequences to a
reference sequence is estimated and then the diversity is measured as the mean distance
between all sequences. Sequence divergence can be calculated using the formula [23].

N
1
D iversity — arr AT a4t d ‘-.| .
i_.i.'j

Where N is the total number of sequences, d (i, j) is the genetic distance between sequence i
and j. The Tajimas D for CHIKV genotypes have been estimated using MEGA tool [19].
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Gamma parameter

Substitution rates at sequence positions along the sequence may not be constant; it varies
from sites to sites. This rate distribution is calculated by a constant known as Gamma
parameter. The higher gamma parameter values indicate lower substitution rates and
lower gamma parameter value correspond to higher substitution rates. Gamma
distribution parameter for CHIKV genotypes have been computed using MEGA 6 tool [19].

Tajimas statistical test

Tajimas D statistics is a commonly used neutrality test for analyzing the evidence of
deviation from standard neutral model. This tests the effect of natural selection on the
sequence dataset. Tajimas D can be calculated as follows;

= ':';rr_g_':i

\/ Var(f. — 8s]

The Tajimas D value is determined by two 0 estimators; Tajima’s estimator (6r) and
Watterson'’s estimator (0s). Tajima’s estimator is based on the average number of pair wise
differences between sequences in the dataset and the Watterson’s estimator based on the
number of segregating sites in the sequences. A negative value of Tajima’s D indicates
population size expansion due to an excess of rare polymorphisms relative to expectation.
A positive Tajima's D values show the presence of high frequency polymorphisms that
leads to decrease in population size indicating balancing selection [19].

Analysis of Mutation trends along CHIKV genome

Mutation frequencies have been noted from multiple sequence alignments, in order to
study mutation trends along CHIKV genome. At first, mutation trends along each of the
CHIKV genotypes were analyzed by plotting mutation frequency Vs nucleotide length
graph. Subsequently, consensus sequences from all the CHIKV genotypes were observed
for plotting mutation trends along CHIKV genome. Followed by this all the referral
sequences in CHIKV dataset have been considered for mutation trend analysis. Further, the
mutation trends in genomic regions that code for structural and non-structural poly
proteins were examined. Using these analysis results, i.e. from mutation frequency Vs
nucleotide length graph, the frequently mutating regions along the CHIKV genome were
recognized and the proteins corresponding to these mutational hotspot regions were
identified.

Results

Selection and Grouping of Referral Sequences

A CHIKV referral dataset has been generated by selecting all the available CHIKV genomic
sequences from NCBI database. Based on the information available from the literature and
database the retrieved CHIKV referral sequences were grouped into five groups. A
phylogenetic analysis was also performed to confirm the groupings. The tree is as shown in
Figure 1. In order to confirm the grouping obtained from NJ tree, other phylogenetic trees
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have been generated from the same dataset, using Minimum Evolution, UPGMA
(Unweighed Pair Group Method with Arithmetic Mean), Maximum Parsimony and
Maximum likelihood methods. Majority of the methods gave the same classification as in
Figure 1, increasing its confidence.
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Group I

Phylogenetic tree of CHIKV referral strains

The observed phylogenetic tree double confirms the grouping in CHIKV. From the tree, it is
evident that there are three major clusters that correspond to Group I, II and III. Group III
has three sub clusters and these clusters represent Group Illa, IIIb and Illc. It is also
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observed that the other groups were evolved from Group I, West African strains, as this
group forms the out group of the tree.

Preliminary group wise analysis based on pair wise distances

Pair wise distance between all the Group [ strains were computed using the phylogenetic
software MEGA 6 based on maximum composite likelihood substitution model. The results
are given in Table 3, along with the mean and standard deviation of these pair wise
distances. The mean and standard deviation of group I are 0.009 and 0.005 respectively.

R1 R2 R3 R4 RS Rb R7 R& RY R10 R11 R12
R1 0.000
R2 0.000 0.000
R3 0.000 0.008 0.000
R4 0.008 0.008 0.007 0.000
RS 0.007 0.008 0.005 0.005 0.000
R6 0.007 0.008 0.001 0.005 0.010 0.000
R7 0.010 0.010 0.006 0.008 0.005 0.017 0.000
R8 0.008 0.008 0.010 0.011 0.010 0.013 0.016 0.000
R9 0.008 0.009 0.011 0.011 0.011 0.014 0.007 0.008 0.000
R10 0.010 0.010 0.013 0.013 0.013 0.016 0.004 0.010 0.012 0.000
R11 0.010 0.011 0.013 0.013 0.013 0.016 0.005 0.010 0.008 0.008 0.000
R12 0.014 0.014 0.017 0.017 0.017 0.019 0.010 0.014 0.012 0.013 0.012 0.000

Table 3: Pair wise distance analysis of Group I, Mean=0.009;
Standard deviation=0.005

Similarly, pair wise distances, mean and standard deviation of all the CHIKV genotypes
have been calculated. The mean and standard deviation of the preliminary pair wise
distance analysis of Group I, Il and Group III (a-c) are given in Table 4.

CHIKV group Mean Standard Deviatiol
Group I 0.009 0.005
Group II 0.012 0.007

Group Illa 0.008 0.007
Group IlIb 0.006 0.005
Group Illc 0.002 0.001

Table 4: Mean & Standard deviation of CHIKV genotypes

Distance Analysis based on Consensus Sequence

The consensus sequence of the Group-I referral sequences were generated using EMBL
Consensus tool. Threshold parameter was selected as 90. The consensus sequence for
Group I is given in Figure 2.

>west African
GTAGCCTACCAGTTTCTTACTGCTCTACTCTGCTTAGCAAGAGACTTGAGAACCCATCATGGATCCCGTGT
ACGTGGACATAGACGCCGACAGCGCCTTTTTGAAGGCCCTGCAGCGTGCGTACCCCATGTTTGAGGTGGAA
CCAAGGCAGGTCACACCGAATGACCATGCCAATGCTAGAGCATTCTCGCATCTAGCTATAAAACTAATAGA
GCAGGAAATTGATCCCGACTCAACCATCCTGGACATAGG.........

Figure 2: Consensus Sequence of Group I Referral Sequences: First 250 bases
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The distance analysis and phylogenetic analysis performed above have captured the intra-
group relations between sequences in each group. To get a clear picture of the uniqueness
of groups, the pair wise distances and similarity percentages between consensus sequences
of each of the CHIKV genotype groups have also been estimated. The inter group pair wise
distances and similarity percentages are shown in Table 5 and 6 respectively.

o TOW o a o TOowm C
G Pl Group Il | GroupIlla | Group IIb | Group III

Group |
Group II 0.047 0
Group [lla 0.042 0.013 0
Group IIlb 0.042 0.013 0.019 0
Group Illlc 0.045 0.015 0.007 0.004 0

Table 5: Inter group pair wise distances of CHIKV consensus sequence

Group I

Group II 85% 0

Group Illa 86% 95% 0

Group IIIb 86% 95% 98% 0

Group IlIc 85% 98% 97% 98% 0

Table 6: Intergroup pair wise similarity percentages of CHIKV consensus sequences

Finally, an inter-group phylogenetic tree based on consensus sequences of all CHIKV
genotypes has been constructed to verify the previous observations. The inter group
phylogentic tree is displayed in Figure 3. This also confirms that the other CHIKV groups
were evolved from Group I West African strains.

100 Grouplllc
100 Grouplllb
Groupllla

Sroupll

Groupl

Figure 3: Inter-group phylogenetic tree of CHIKV genotype groups
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A genome wide analysis of each of the CHIKV genotypes has been conducted to enumerate
variable sites along the genome. Percentages of variable regions are listed in Table 7.

Group I 446 3.81%
Group II 628 5%
Group Illa 376 3%
Group IIIb 252 2%
Group Illc 191 2%

Table 7: Percentages of variable regions along the genomes of CHIKV genotypes

Group II genotype is having a higher percentage of variable regions compared to other
genotypes. So, we can conclude Group II genotypes diverge much faster than other
genotypes.

Evolutionary Calculations

Evolutionary statistical parameters were computed for analyzing molecular evolution of
strains in each of the CHIKV genotypes. In this section, three evolutionary parameters;
Evolutionary divergence, Gamma distribution parameter and Tajimas statistical test have
been estimated. The results are displayed in Table 8-10.

CHIKV Genotype ' Evolutionary Divergence

Group I 0.010
Group II 0.014
Group Illa 0.010
Group IIIb 0.010
Group IllIc 0.002

Table 8: Evolutionary divergence of CHIKV genotypes

Evolutionary divergence values indicate that Group Il is a less conserved group with high
evolutionary divergence value. The lower evolutionary divergence value of Group III
suggests that evolution in Group Illc has reached a steady state.

R S. Publication, rspublicationhouse@gmail.com Page 654



International Journal of Advanced Scientific and Technical Research Issue 5 volume 2, March-April 2015

Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954
Group [ 0.2492
Group II 0.3654
Group Illa 0.4408
Group IIIb 0.0975
Group Illc 0.0500

Table 9: Gamma distribution parameters of CHIKV genotypes

Gamma distribution parameter values of CHIKV genotypes show that the highest
substitution rates among CHIKV groups is observed in Group Illa strains.

CHIKV
genotype
447

Group I 12 0.0377 0.0129 0.0101 -1.0425

Group II 22 625 0.0537 0.0147 0.0134 -0.3621
Group Illa 7 358 0.0310 0.0126 0.0099 -1.2667
Group IIIb 5 251 0.0214 0.0103 0.0095 055621
Group Illc 32 174 0.0150 0.0037 0.0024 1.40334

Table 10: Tajimas D values obtained for CHIKV genotypes

For all the CHIKV genotypes, the calculated Tajimas D values were observed as negative
values hence the null hypothesis of mutation-drift equilibrium and constant population size
got rejected for CHIKV genotypes. Tajima's D test shows excess of low frequency
polymorphisms in CHIKV Groups relative to expectation, indicating population size

expansion.

Analysis of Mutation trends along CHIKV genome

Mutation trends were analyzed by plotting mutation frequency graphs, for this, nucleotide
lengths were plotted along X-axis and mutation frequencies were plotted along Y axis. First,
mutation frequency graphs for all the CHIKV genotypes were generated. The obtained

graphs were displayed in Figure 4a-e.

R S. Publication, rspublicationhouse@gmail.com Page 655



International Journal of Advanced Scientific and Technical Research Issue 5 volume 2, March-April 2015

Available online on http://www.rspublication.com/ijst/index.html ISSN 2249-9954
CHIKW Group | Mutation Trend

10
o -
a
+
2 54
£ 44
= .
3 -
o
4

=} T T T T T 1

o 2 000 < ooo G ooo = o000 10 DOoo 12 000
Mucleotide Length
Figure 4a: Mutation analysis of Group I strains
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Figure 4b: Mutation analysis of Group II strains
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Figure 4e: Mutation analysis of Group Illc strains
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Consensus sequences mutation frequency graphs were also generated using the consensus
sequences from CHIKV genotypes. The graph showing the mutation trends is shown in
Figure 5.

CHIKW Genotypes Consensus Muatation Trend
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Figure 5: Mutation analysis of CHIKV consensus sequences

Followed by this, mutation frequency graph using all the CHIKV referral sequence has been
plotted, and the obtained graph is displayed in Figure 6. Further, mutation trends in
genomic regions that code for structural and non-structural poly proteins were also
analyzed.

Mutation Trend

35

Mutation frequency
1
u]
|
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a Z000 000 G000 s000 10000 12000
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Figure 6: Mutation analysis of CHIKV referral sequences
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Peaks observed in this graphs correspond to regions having highest mutation frequencies.
From these mutation frequency graph it was identified that the genomic regions (4500 -
6000) & (8400-10000) are the mutational hot spots along the CHIKV genome. The proteins
corresponding to these frequently mutating regions are nsp3-nsP4, and E3-E2[24].

mutation trend
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Figure 7: Mutation analysis of CHIKV genomic region that codes for structural and non-
structural poly proteins

Analysis of mutation trends in CHIKV structural & non structural poly protein regions
shows the structural poly protein mutate more rapidly compared to non structural poly
protein. The graph is displayed in Figure 7.

Conclusion

In this study, a CHIKV referral dataset have been created and used these referral sequences
for preliminary genome wide analysis. The phylogenetic tree obtained in this study double
confirmed the grouping in CHIKV strains. Based on the resultant tree and also using the
information retrieved from literature and sequence databases, CHIKV referral strains were
grouped into five separate groups; Group I consist of west African strains, Group II include
Asian Strains and Group III consist of East Central South African strains. Group III has three
subgroups; Group Illa, IlIb and Illc. In order to derive some quantitative measures of the
referral sequences, pair wise distance analysis and evolutionary calculations on CHIKV
groups have been performed. Pair wise distance calculations suggest that CHIKV group Illc
has reached its steady state of evolution and the Asian genotype (Group II) can be said as
an evolutionary active, evolving group. Consensus sequence based pair wise calculations
were also done on these CHIKV genotypes to investigate the intergroup relationship
between CHIKV genotypes and result obtained from this analysis suggests that other
CHIKV groups were evolved from Group I strains. The estimated evolutionary divergence
values explain the degree of variance among CHIKV strains with in each of the CHIKV
genotype. In this chapter, rate variations among sites in CHIKV genotypes were also
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estimated and the lowest variation of substitution rates among sites was observed in group
[IIa strains. For examining the homologous sequence frequency distribution, Tajimas D
parameter has been calculted. For all the CHIKV genotypes, the analysis got negative values
for Tajimas D indicating population size expansion in all the CHIKV genotypes. In addition
to that, the Tajima D value obtained for Group II strains suggests excess of genetic
variations in CHIKV Group II. This result support observation from pair wise analysis that
CHIKV is an evolving group with excess of genetic variations. Mutation trend graphs
resulted from conservation variation analysis of CHIKV strains identified mutation hot
spots (4500 - 6000) and (8400-10000) along the CHIKV genome and it was found that the
protein corresponding to the frequently mutating regions are nsp3-nsP4, and E3-E2.
Analysis of mutation trends in CHIKV structural & non-structural poly protein genomic
regions revealed that the structural poly protein mutate more frequently than non-
structural poly protein region. The preliminary analysis described in this chapter provides
a better understanding of genome based aspects about the CHIKV strains.
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Appendix 1

Brief IDs of Referral sequences and corresponding NCBI IDs

Table A1.1: Details Group I (West African Strains) CHIKV Referral Sequences

Reference No NCBI ID Country
R1 HM045786 Nigeria
R2 HM045807 Nigeria
R3 HM045816 Senegal
R4 HM045798 Senegal
R5 HM045785 Senegal
R6 HM045815 Senegal
R7 HM045818 Cote d'lvoire
R8 AY726732 Senegal
R9 HM045820 Cote d'Ivoire
R10 HM045819 Senegal
R11 HM045817 Senegal
R12 HM045804 Senegal

Table A1.2: Details Group II (Asian Strains) in the Reference Database

Reference No NCBIID Country
R13 HM045810 Thailand
R14 EF452493 Thailand
R15 EF027140 India
R16 HM045803 India
R17 HM045813 India
R18 EF027141 India
R19 HM045788 India
R20 HM045814 Thailand
R21 HM045808 Thailand
R22 HM045791 Indonesia
R23 HMO045797 Indonesia
R24 HMO045790 Philippines
R25 HM045789 Thailand
R26 HMO045796 Thailand
R27 HMO045787 Thailand
R28 EU703759 Malaysia: BaganPanchor
R29 EU703761 Malaysia: BaganPanchor
R30 EU703762 Malaysia: BaganPanchor
R31 EU703760 Malaysia: BaganPanchor
R32 FJ807897 Indonesia
R33 HM045802 Thailand
R34 EF452494 USA
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Table A1.3: Details Group III a CHIKV Strains in the Reference Database

Reference NCBI ID Country
No
R35 AF 369024 African
R36 HM045811 Tanzania
R37 HM045792 South Africa
R38 AF490259 unknown
R39 HM045809 Democratic Republic of
the Congo
R40 HM045795 South Africa
R41 HMO045806 India

Table A1.4: Details Group III b CHIKV Strains in the Reference Database

Reference NCBI ID Country
No
R42 HM045823 Angola
R43 HM045822 Central African Republic
R44 HM045784 Central African Republic
R45 HMO045793 Central African Republic
R46 HM045812 Uganda

Table A1.5: Details Group Illc CHIKV Strains in the Reference Database

Reference NCBI ID Country
No
R47 DQ443544 Reunion
R48 EU037962 Mauritius
R49 EU564334 Mauritius
R50 EF012359 Mauritius
R51 FJ000068 India- Karnataka
R52 EF210157 India
R53 EU564335 India- Rajasthan
R54 FJ513675 Sri Lanka
R55 FJ513657 Sri Lanka
R56 FJ513645 Sri Lanka
R57 FJ513635 Sri Lanka
R58 FJ513629 Sri Lanka
R59 FJ513679 Sri Lanka
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R60 FJ513673 Sri Lanka
R61 F]513654 Sri Lanka
R62 FJ513637 Sri Lanka
R63 FJ513632 Sri Lanka
R64 FJ445428 Sri Lanka
R65 FJ445426 Sri Lanka
R66 FJ445427 Sri Lanka
R67 FJ445510 Singapore
R68 F]445484 Singapore
R69 FJ445445 Singapore
R70 FJ445433 Singapore
R71 FJ445431 Singapore
R72 FJ445511 Singapore
R73 FJ445502 Singapore
R74 FJ445463 Singapore
R75 FJ445443 Singapore
R76 FJ445432 Singapore
R77 FJ445430 Singapore
R78 EU244823 Italy
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