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ABSTRACT
ABSTRACT: Re-emergence of Chikungunyavirus (CHIKV) and its disease severity in the South-East Asian region necessitates the study of virus strains
circulating in this part of theworld. Cloning, sequencing and phylogenetic analyses of a CHIKYV isolate (IND-06-Guj) from Gujarat 2006 outbreak, Indiais
reported here. The amino acid sequence of IND-06-Guj was found to be similar to those of the 41 CHIKYV isolates reported from South Asian region and it
differed at 57 positionsfrom CHIKV-S27, the prototype virus belonging to ECSA genotype. Most of the datain theliterature pertaining to CHIKV biology
has been generated using S27 strain. Considering the observed sequence differences between South Asian and CHIKV-S27 strain, the ready availability of
cloned genes representing ECSA genotype shall facilitate studies of CHIKV disease biology in South Asian context.
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INTRODUCTION:

There have been massive outbreaks of Chikungunyafever in recent yearsin
the South-East Asian region U1, The frequency and severity of these out-
breaks highlight the need to characterize and understand the biology of
Chikungunyavirus CHIKYV isolates. CHIKV isan aphavirusand belongsto
the Togaviridae family of viruses. The genome of CHIKV is ~12 kb long
positive sense single stranded RNA molecule. Thevira genomehastwo large
open reading frames encoding four nonstructural (nsP1, nsP2, nsP3 and
nsP4) and five structural (capsid, E3, E2, 6K and E1) proteins, and isflanked
by 5' and 3' NTR sequences 2. CHIKYV isolates have been categorized into
three genotypes worldwide on the basis of phylogenetic analyses of cDNA
sequences encoding E1 protein: East/Central/South African (ECSA), West
African and Asian >, Asian genotypes have high degree of conservation
whereas African genotypes exhibit wide range of diversity [ %\ In the resur-
gent Chikungunya epidemic that affected more than two million people
around theworld in last seven years, especialy, in the South Asian region, a
unique clade of ECSA genotype was found responsible ©. Studies indicate
that CHIKV strains currently circulating in this region also belong to ECSA
genotype, and have incorporated various molecular features into their ge-
nome making them significantly different from the African prototype virus™
7.8l Given the widespread nature of CHIKV epidemic in South Asia and
attention of scientific community towards sequencing of CHIKV (almost
half of thefull length CHIKV sequence submissions being from South Asia),
thereis an urgent need of studying alocal strainin South Asia.
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MATERIAL AND METHODS:

Virusisolation and propagation:

The isolate was obtained from amale patient, about 60 year old belonging to
Chandlodia areain Ahmedabad, Gujarat. The patient, during sample collec-
tion, was suffering from severe chikungunya-related symptoms. For virus
isolation, the blood sample collected from the patient was processed to
obtain the serum sample. In order to obtain high titered virus, the serum
sample, diluted 1:10 in 1X PBS (pH 7.2), was injected intracranial into 2-3
day old Balb/c mice. The brain tissues from the infected mice showing re-
tarded movements were harvested and the clarified brain lysate was used to
infect Vero cell monolayers. The Vero cell cultured virus was subjected to
two rounds of plaque purification and then propagated through scale-up
Vero cell culturesto prepare the stock virus (IND-06-Guj) for further use.

RNA isolation, RT-PCR and sequencing:

Total RNA (1ug) extracted from IND-06-Guj infected Vero cells was sub-
jected to RT-PCR using Superscript [11-One step RT-PCR system and Pfu
DNA polymerase according to manufacturer’ sinstructions (Invitrogen, Life
Technologies, CA and Promega Corp., WI, respectively). Primers were de-
signed to amplify cDNA sequences encoding theviral proteins. The RT-PCR
products corresponding to nsP1, nsP2, nsP3, nsp4, capsid, E3, E2, 6K and
E1 were cloned into pCR 2.1 TOPO TA vector (Invitrogen) according to the
manufacturer’ s protocol . Cloneswere sequenced using the Big Dye Termina
tor Cycle Sequencing Kit (Applied Biosystems, Life Technologies, CA) and
the universal M 13 forward/reverse primers or the cDNA-specific primers.

Sequence comparison and phylogenetic analyses:

The nucleotide sequences obtained for each gene of IND-06-Guj were as-
sembled in contig using ORF finder for generating nonstructural (GenBank
Accession no. for cDNA of IND-06-Guj: nsP1 - JF272473, nsP2 - JF272474,
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Fig. 1 Neighbor-joining tree based on nonstructural protein nucleotide sequences (1a), and structural nucleotide sequences of 43 CHIKV
isolates (1b). The bootstrap supports (%), areindicated at the branching points. The details of theisolatesaregiven in Table 2. Arrowhead and

arrow represent IND-06-Guj and S27 strain, respectively

nsP3 - JF272475, nsP4 - JF272476) and structural (GenBank Accession no.
for cDNA of IND-06-Guj: Capsid - JF272477, E3- JF272478, E2 - JF272479,
6K - JF272481 and E1 - JF272480) ORFs. The sequence identity of these
cloned genes was independently verified with the full length genome se-
quence reported earlier for the clinical isolate obtained from the patient
serum (GenBank accession no. JF274082). The assembled nonstructural and

structural polyprotein sequences of IND-06-Guj were compared with the
respective polyprotein sequences of the CHIKV-S27 usingthe NCBI BLAST
suite (http://www.nchi.nlm.nih.gov/BLAST). Sequence alignment of struc-
tural polyprotein of IND-06-Guj withthe 41 CHIKYV isolatesreported from
South Asia (17 from Sri Lankaand 24 from India) (Table 1) and the CHIKV-

S27 using ClustalW 2.0.12 (www.ebi.ac.uk/Tool/clustal W2) and MUSCLE
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Tablel: CHIKYV isolatesused in multiple sequence alignment and phylogenetic analysis.

37 of the 42 strains listed, except S27, are isolated from different regions/outbreaks of

South Asia since year 2006

Table 2: The amino acid substitutions of IND-
06-Guj in comparison to CHIKV- S27 isolate

CHIKV GenBank Yearof  Origin Genotype  Identity scoreof Identity score Protein Position  Position Amino  Amino
Isolate Accession No. Isolation of isolate nonstructural of structural inthe inthe Acid  Acidin
polyprotein with polyprotein Protein polyprotein inS27  IND-06-Guj
IND-06-Guj with IND-06-Guj nsP1 128 128 T K
IND-63-WB1 EF027140 1963 Kolkota Asian 97 97 e e L M
IND-73-MH5 EF027141 1973 Barsi, Maharashtra ~ Asian 97 96 pady pady T M
IND-06-AP3 EF027134 2006 Andhra Pradesh ECSA 99 99 383 383 M L
IND-06-KA 15 EF027135 2006 Karnataka ECSA 99 99 384 384 | L
IND-06-MH2 EF027136 2006 Maharashtra ECSA 99 100 481 481 T I
IND-06-RJ1 EF027137 2006 Rajasthan ECSA 99 100 488 488 Q R
IND-06-TN1 EF027138 2006 Tamilnadu ECSA 99 99 507 507 L R
IND-00-MH4 EF027139 2000 Maharashtra ECSA 99 98 512 512 P s
CHIK31 EU564335 2006 Rajasthan ECSA 99 100
DRDE-06 EF210157 2006 Hyderabad ECSA 99 100 nsP2 54 589 S N
DRDE-07 EU372006 2007 Kerala ECSA 99 99 374 909 H Y
IND-GJ52 FJ000062 2006 Gujarat ECSA 99 99 641 1176 G D
IND-KA52 FJ000063 2006 Karnataka ECSA 929 929 642 1177 % Y
IND-GJ51 FJ000064 2006 Gujarat ECSA 99 99 643 1178 S N
IND-GJ53 FJO00065 2006 Gujarat ECSA 99 100
IND-KR51 FJ0O00066 2006 Kerala ECSA 99 99 nsPs 1 1508 M L
IND-MH51 FJO00067 2006 Maharashtra ECSA 99 99 326 1658 P s
IND-KAS51 FJO00068 2006 Karnataka ECSA 99 100 331 1664 V] A
RGCBO3/KL06 GQ428210 2006 Kerala ECSA 99 99 337 1670 T |
RGCBO5/KL06 GQ428211 2006 Kerala ECSA 99 99 352 1685 K E
RGCB80/KL07 GQ428212 2007 Kerala ECSA 99 929 376 1709 I T
RGCB120/KL07 GQ428213 2007 Kerala ECSA 99 99 382 1715 A T
RGCB355/KL08 GQ428214 2008 Kerala ECSA 99 99 419 1742 N I
RGCB356/KL08 GQ428215 2008 Kerala ECSA 99 99 461 1794 L P
LK (EH)CH20108 FJ513679 2008 Sti Lanka ECSA 99 99 462 1795 S N
LK (EH)CH18608 FJ513675 2008 Sri Lanka ECSA 99 99 471 1804 P S
LK (EH)CH17708 FI513673 2008 Sri Lanka ECSA 99 99 534 1857 R X
LK(EH)CH7708 FJ513657 2008 Sti Lanka ECSA 99 99
LK (EH)CH6708 FJ513654 2008 Sri Lanka ECSA 99 99 nsP4 Zg , gig 1 2
LK (EH)CH4408 FJ513645 2008 Sri Lanka ECSA 99 99 =00 2363 0 L
LK (PB)CH5808 FJ513637 2008 Sti Lanka ECSA 99 99 14 5377 | T
LK (PB)CH5308 FJ513635 2008 Sri Lanka ECSA 99 99 o855 o118 v |
LK (PB)CH3008 FJ513632 2008 Sri Lanka ECSA 99 99 604 2467 v |
LK (PB)CH1608 FJ513629 2008 Sti Lanka ECSA 99 99
LK (PB)CH1008 FJ513628 2008 Sri Lanka ECSA 99 99 Capsid 23 23 p s
LKRGCH1507 FJ445428 2007 Sri Lanka ECSA 99 929 27 27 % I
LKMTCH2707 FJ445427 2007 Sti Lanka ECSA 99 100 63 63 K R
LKEHCH13908 FJA45426 2008 Sri Lanka ECSA 99 99
SL15649 GU189061 2006 Sri Lanka ECSA 99 99 E3 23 284 I T
SL10571 AB455494 2006 Sti Lanka ECSA 99 99
SL11131 AB455493 2006 Sri Lanka ECSA 99 99 E2 57 382 G K
s27 NC_004162 2001 Africa ECSA 98 98 74 399 | M
79 404 G E
(19 was carried out. Phylogenetic relationship of IND-06-Guj with South igg igg 2 ¥
Asian isolates was assessed by constructing neighbor-joining trees based on 181 506 L M
distance estimations by the Kimura 2- parameter mode! of nucleotide substi- 208 e s e
tution 4, The reliability of the tree branching was tested by bootstrap 267 592 M R
consensus tree, inferred from 1000 replicates to represent the evolution of %‘ig gg‘; $ ’,:‘A
the sequences [*2. Branches corresponding to supported partitions repre- 344 669 A T
sented in less than 50% bootstrap replicates were collapsed. Further, since 375 700 S T
L . o 386 711 v A
several interior branches of the tree were having low statistical support, we 6K 8 756 v |
produced amultifurcating tree by assuming that al theinterior brancheshave 54 802 I v
abranch length equal to zero (0). Hence branch lengths are not proportional B ggg iggg g \E/
to the number of nucleotide substitutions. Phylogenetic analyses and tree 322 1131 v A

plotting was performed using MEGA4 [23],

RESULTSAND DISCUSSION:

It has been suggested that almost all CHIKYV isolates from the subcontinent
have undergone genomic microevolution, especialy the virus strains belong-
ing to ECSA genotype, leading to enhanced transmissibility and infectivity™
714,351 Thus, the deduced amino acid sequences of both the structural and
nonstructural polyproteins of IND-06-Guj were compared with isolates
reported from the South Asian region and also with CHIKV-S27 to under-
stand its similarity with other isolates from the region and also to study its
evolution from CHIKV-S27, the prototype strain of ECSA genotype. The
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comparison of deduced amino acid sequences of both the structural and
nonstructural polyproteins of IND-06-Guj and CHIKV-S27 strains by
BLAST showed 98% amino acid sequence similarity with 57 amino acid
substitutions across the two polyproteins (Table 2). Sequence alignment of
structural polyprotein of IND-06-Guj with the41 CHIKYV isolatesreported
from South Asia and the CHIKV-S27 demonstrated that seven isolates
(EF027136, EF027137, EF027140, EF027141, FJ000065, FJ000068 and
FJ445427; 6 Indian and 1 Sri Lankan) had 100% sequence identity with
IND-06-Guj, while 31 isolates (16 Sri Lankan and 15 Indian) displayed 99%
sequence identity. However, IND-06-Guj was 97% and 96% identical to the
two isolates belonging to the Asian genotype, EF027140 and EF027141,
respectively (Table 1). Further, 50 out of 57 mutations identified between
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S27 and IND-06-Guj were also present in other South Asian strains except
IND-63-WB1, IND-73-MH5 and IND-00-MH4. Similarly, sequence dign-
ment of nonstructural polyprotein of IND-06-Guj with those of 42 CHIKV
isolates (including CHIKV-S27) demonstrated 99% sequence identity with
39 (17 Sri Lankan and 22 Indian) South Asian isolates belonging to ECSA
genotype, whereas, two isolates that belonged to Asian genotype (IND-63-
WB1 and IND-73-MH5) showed 97% identity.

Inthisanalysis, various amino acid substitutionswere observed in the struc-
tural aswell asthe nonstructural polyprotein. Only three amino acid substi-
tutions (nsP1-P512S, nsP2-G1176D and nsP3-N1742l) observed in the
nonstructural region were unique to IND-06-Guj. However, two amino acid
substitutions in the nonstructura polyprotein, one each in nsP1 (Q488R)
and nsP3 (V1664A), found in at least 85% of the South Asian isolates were
also found in our cloned sequences from IND-06-Guj. An opal stop codon,
which ismaintained in al the South Asian isolates except in IND-00-MH4,
was also present at position 524 in the nsP3 protein. It has been proposed
that this changein nsP3 protein regulatesthe expression of RNA polymerase
by read through mechanism .. Interestingly, the amino acid change D284E
(Asp to Glu) in E1 gene (IND-06-Guj) has been observed only in CHIKV
strains isolated since 2006 outbreak but not in the CHIKV strains (S27,
IND-63-WB1, IND-73-MH5 and IND-00-MH4) before 2006. The substi-
tution glutamic acid instead of aspartic acid may introduce aslight distortion
intheicosahedral T=4 symmetry of the virion which may affect assembly or
disassembly of the virus particle in infected cells ®..

Phylogenetic analysis placed the two Indian isolates (EF027140 and
EF027141; belonging to year 1963 and 1973 outbreaks, respectively) in the
Asian genotype. Remaining South Asian isolates, including IND-06-Guj,
were clustered together into the ECSA genotype along with CHIKV-S27.
However, S27 formed a separate branch in this genotype in both the phylo-
genetic trees. Further it was observed that most isolates from Sri Lankaand
Indiaformed separate clustersindicative primarily of their year and region of
isolation (fig. 1aand 1b). Interestingly, in the phylogenetic tree constructed
based on the nonstructural nucleotide sequences, IND-06-Guj branches out
of the clade formed by the South Asian isolates reported since the 2006
outbreak (fig. 1a), whereas it stands out separately with 8 South Asian
isolatesin the phylogenetic tree generated for structural nucleotide sequences,
probably indicative of a common lineage among them (fig. 1b).

Our study suggeststhat readily available genes of South Asian strain such as
IND-06-Guj, in comparison to CHIKV-S27, may help study the biology of
CHIKYV in the context of South Asian region, where the severity of the
disease is more pronounced compared to other parts of the world. Further,
expression and purification of proteins encoded by cloned CHIKV cDNAs
would provide the much needed reagents to facilitate studies addressing
molecular aspects of Chikungunya pathogenesis and would also help to
develop tools for the prevention and/or treatment of Chikungunya.
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