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The nucleotide sequence of the complete genomes of two Indian isolates of Japanese encephalitis virus  
were compared. One of these isolates, GP78 was obtained from northern India in 1978. The other, the Vellore 
P20778 isolate, was obtained from southern India in 1958. There was 4⋅40% nucleotide sequence divergence be-
tween the two Indian isolates that resulted in a 1⋅86% amino acid sequence divergence. Phylogenetic analyses 
showed that in evolutionary terms the north Indian GP78 isolate was close to the SA14 isolate from China 
whereas the south Indian Vellore P20778 isolate was close to the Beijing-1 isolate, also from China. The two  
Indian isolates, however, appear to have evolved independently. 

1. Introduction 

Japanese encephalitis (JE) is an acute viral infection of 
the central nervous system which is caused by a mosquito-
borne flavivirus called the Japanese encephalitis virus 
(JEV). The virus is active over a vast geographic area that 
includes India, China, Japan and virtually all of south-east 
Asia (Umenai et al 1985; Ravi and Shankar 1989). Besides 
this, JEV has been recently isolated from previously non-
affected areas of Australia (Hanna et al 1999). Approxi-
mately 3 billion people live in the JEV endemic area  
covering much of Asia. Up to 50,000 cases of JE are repor-
ted officially each year. Of these, about 10,000 cases  
result in fatality and a high proportion of survivors have 
serious neurological and psychiatric sequel. 
 The presence of JEV in India was first inferred in 1954 
through a serological study (Smithburn et al 1954). How-
ever, the disease was first recognized in India in 1955 at 
Vellore. Until 1970s the disease was restricted to the 
southern states. Then in 1973, epidemics of JEV occurred 
in Bankura and Burdwan districts of West Bengal (Chakra-
varty et al 1975). Between 1977 and 1981 the disease 
spread to the newer areas that included the northern state 
of Uttar Pradesh. The virus has since moved to the north-

western parts of the country and a number of epidemics 
have been reported in recent years from these areas 
(Sharma and Panwar 1991; Sharma et al 1991; Prasad  
et al 1993; Kar and Saxena 1998). The JEV is now active 
in almost all parts of India. 
 The JEV genome is a plus-sense single-stranded RNA 
of about 11 kb. It has a single open reading frame that 
codes for a 3432 amino acids long polyprotein which is 
subsequently cleaved into a number of structural and non-
structural proteins. The 5′ one-third of the genome codes 
for the structural proteins, namely, capsid, membrane and 
the envelope while the 3′ two-third of the genome codes 
for non-structural proteins NS1, NS2A, NS2B, NS3, 
NS4A, NS4B, and NS5 (Chambers et al 1990).  
 Since the genome of JEV is an RNA molecule, it has 
high potential for evolution as RNA replication machinery 
lacks proof reading capability (Holland et al 1982). Strain 
variations have been shown among JEV isolates obtained 
from different geographical locations around the globe 

(Hori 1986; Kobayashi et al 1984, 1985; Wills et al 
1992). Within India too, isolates obtained from different 
parts of the country showed marked differences in their 
oligonucleotide fingerprints, thus some of them being 
closer to the Japanese strains of the virus whereas others  
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were closer to the Chinese strains (Banerjee and Ranadive 
1989). We have recently established the nucleotide sequence 
of the complete genome of the GP78 isolate of JEV (Vrati 
et al 1999a). This virus was isolated from an epidemic of 
JE in 1978 in Gorakhpur which is located in the northern 
state of Uttar Pradesh (Mathur et al 1982). Comparison of 
the genome sequences of various isolates available then 
demonstrated that the GP78 strain was phylogenetically 
closer to the Chinese SA14 isolate (Vrati et al 1999a). 
Subsequently, complete genome sequence of another  
Indian strain Vellore P20778 (GenBank accession No. 
AF080251) has become available which was isolated from 
Vellore in 1958. In this paper, we have compared the  
genome sequences of the two Indian isolates and have 
carried out phylogenetic analyses to examine the related-
ness of the two isolates, if any. In recent months, com-
plete genome sequences of a number of JEV strains from 
Korea (strain K94P05) and Taiwan (strains HVI, TL and 
TC) have also become available. This paper presents the 
phylogenetic relationship based on the complete genome 
sequences of different JEV isolates obtained from various 
parts of the world. It is seen that while the north Indian 
GP78 isolate is phylogenetically closer to the Chinese 
SA14 strain, the south Indian Vellore P20778 isolate is 
closer to the Beijing-1 isolate. 
 

2. Materials and methods  

2.1 JEV isolates 

The GP78 strain (GenBank accession No. AF075723) 
came from isolate 78668A which was obtained from 
postmortem brain of a patient from Gorakhpur (northern 
India) in 1978 (Mathur et al 1982; Vrati et al 1999a). The 
Vellore P20778 strain (GenBank accession No. AF080251) 
was obtained from a patient from Vellore (south India) 
during 1958 (Chen et al 1990). The Beijing-1 strain 
(GenBank accession No. L48961) was isolated from human 
brain in 1949 from Beijing, China (Hashimoto et al 
1988). The SA14 strain (GenBank accession No. U14163) 
was isolated from Culex tritaeniorhynchus mosquito in 
1954 from Xian, China (Nitayaphan et al 1990). RP-9 
(GenBank accession No. AF014161) and RP2ms (Gen-
Bank accession No. AF014160) originated from isolate 
NT109 obtained from C. tritaeniorhynchus mosquito in 
1985 from Taiwan. The JaOArS982 (GenBank accession 
No. M18370) strain was isolated from a pool of mosqui-
toes from Osaka (Japan) in 1982 (Sumiyoshi et al 1987). 
The P3 strain (GenBank accession No. U47032) was  
obtained in 1949 from mosquitoes in Beijing, China (Ni 
and Barrette 1996). JEV strains HVI (GenBank accession 
No. AF098735), TL (GenBank accession No. AF098737) 
and TC (GenBank accession No. AF098736) were iso-

lated in Taiwan and K94P05 (GenBank accession No. 
AF045551) was from Korea. No other details regarding 
the year of isolation and the source of these viruses are 
known.  

2.2 Sequence comparison and phylogenetic analyses 

Alignment of nucleotide or the amino acid sequences was 
carried out as per the Jotun Hein method (Hein 1990)  
using the Lasergene software (DNASTAR, Inc., Madison, 
WI, USA). The PHYLIP (Felsenstein 1995) and the 
MEGA packages (Kumar et al 1993) were used for con-
structing the phylogenetic tree. Reliability of the tree was 
evaluated statistically by using 500 bootstrap replicates. 

3. Results and discussion  

Recently we published the complete nucleotide sequence 
of the GP78 isolate from Gorakhpur in Uttar Pradesh 
(Vrati et al 1999a). This constituted the first complete 
genome sequence of an Indian isolate of JEV. At this 
point of time, complete genome sequences were available 
only for the JaOArS982 strain from Japan (Sumiyoshi  
et al 1987), Beijing-1 (Hashimoto et al 1988), SA14 (Ni-
tayphan et al 1990) and P3 strains from China (Ni and 
Barrette 1996), and the RP-9 and RP2ms strains from 
Taiwan (Lin et al 1996). Analyses based on the available 
complete genome sequences showed that the Indian GP78 
strain was phylogenetically closer to the Chinese SA14 
strain (Vrati et al 1999a). Subsequent to the publication  
of the sequence for the GP78 isolate, complete genome 
sequence for another isolate (Vellore P20778 isolate) 
from India has become available. The Vellore P20778 iso-
late was obtained from an epidemic of JE from Vellore in 
south India during 1958. In order to examine the related-
ness of the two Indian isolates we have compared their 
nucleotide and predicted amino acid sequences (table 1). 
The two isolates had genome organization similar to that 
of the prototype JaOArS982 strain. While the GP78  
genome was 10976 bases long, the Vellore P20778 isolate 
was 10977 bases long. Thus the Vellore P20778 isolate 
had an additional base compared to the prototype virus. 
However, since this additional base was part of the 3′-
non-coding region (NCR), this did not affect the length of 
the viral polyprotein and hence the predicted size of all 
the viral proteins was similar between the GP78, Vellore 
P20778 and the JaOArS982 strains. When the genomes of 
the GP78 and the Vellore P20778 isolates were compared, 
484 nucleotide substitutions were noted between the two, 
resulting in a rate of about 4⋅4% nucleotide substitution. 
Nucleotide substitution rate was highest for the NS3 coding 
sequence (5⋅7%) whereas it was lowest for the 5′-NCR 
(1%). Substitution rate for the 3′-NCR was 3⋅7%. The  



J. Biosci. | vol. 25 | No. 3 | September 2000 

 Phylogenetic analyses of two Indian JEV strains 

 

259 

higher level of nucleotide sequence conservation in the 5′-
NCR may be due to the functional significance of this 
sequence in virus replication. It may be noted that both 
the 3′-NCR and the 5′-NCR contain sequences that may 
be involved in the synthesis of viral RNA during replica-
tion (Chambers et al 1990; Ta and Vrati 2000). In addi-
tion, the 5′-NCR acts as a leader sequence that may be 
involved in control of viral protein synthesis. The 5′-NCR 
is also predicted to be involved in packaging the genomic 
RNA into the viral capsid (Zhao et al 1986; Khromykh  
et al 1998). These important functions of 5′-NCR would 
ensure a tight conservation of its sequence. 
 Only about 13% of all the nucleotide substitutions  
resulted in an amino acid change as most others were loca-
ted at the third position of the codon (table 1). Thus, 
while the rate of the nucleotide substitution between the 
GP78 and the Vellore P20778 isolates was 4⋅40%, at the 
amino acid level it was only 1⋅86%. The amino acid sub-
stitution rate varied between different genes; highest 
amino acid substitution (3⋅93%) was recorded for the cap-
sid protein while NS2A protein was most conserved (only 
1⋅19% substitution). Of the three structural proteins, the 
envelope was most conserved. This is commensurate with 
the key biological functions related to the virus replica-
tion, such as virus attachment, penetration and fusion that 
are associated with the envelope protein (McMinn 1997; 
Vrati et al 1999b). 
 RNA viruses have the capacity to evolve rather fast due 
to the lack of the proof reading mechanism during RNA 
replication (Holland et al 1982). Methods based on oligo-
nucleotide fingerprinting have been used to demonstrate 
the nucleotide sequence variation among various isolates  

of JEV (Banerjee and Ranadive 1989). However these 
methods are crude and cannot be as accurate as those  
using the nucleotide sequence to study the phylogenetic 
relatedness and evolution of different JEV strains. Using 
methods based on complete genome sequence, we recently 
demonstrated that the GP78 isolate from India was phy-
logenetically closer to the SA14 strain of JEV from China 
(Vrati et al 1999a). Since then, complete genome sequences 
of three more isolates from Taiwan, one from Korea and 
one from south India have become available. In order to 
establish the phylogenetic relationships, we have carried 
out pair-wise alignment of the complete genome sequences 
of the 12 JEV isolates for which the complete genome 
sequence is available. Results in figure 1 show that the 
HVI and RP9 strains from Taiwan were least diverged 
(1⋅2%) while the Vellore P20778 strain from south India 
and the K94P05 strain from Korea were most diverged 
(16⋅1%). To establish evolutionary relationship among 
different isolates, a phylogenetic tree was constructed 
based upon the complete genome sequences of the 12 JEV 
isolates. The dendogram (figure 2) shows that the 12 JEV 
isolates fall basically in four clusters. The first of these 
clusters contained all the 5 Taiwanese isolates of JEV, 
namely, TC, TL, HVI, RP2ms and the RP9 isolates. The 
second cluster had the two Chinese isolates, SA14 and the 
P3, and the Japanese JaOArS982 isolate together with the 
north Indian GP78 isolate. The third cluster had the Bei-
jing-1 isolate from China and the Vellore P20778 isolate 
from the south India. The fourth cluster had only the  
Korean K94P05 isolate which appears to be highly diverged 
from all other isolates. An interesting finding from this 
analysis is that the two Indian isolates, GP78 and Vellore  

Table 1. Comparison of the nucleotide and the amino acid sequences of the GP78 and the Vellore P20778  
isolates of Japanese encephalitis virus. 

          
Size Nucleotide substitution Amino acid substitution 

  
Genome  
segment 

 
Nucleotides 

 
Amino acids 

No. of  
substitutions 

Per cent  
substitution 

No⋅ of  
substitutions 

Per cent  
substitutions 

 
 

NRAC* 
(%) 

                
5′-NCR 
Capsid 
Membrane 
Envelope 
NS1 
NS2A 
NS2B 
NS3 
NS4A 
NS4B 
NS5 
3′-NCR 
Complete 

 95 
381 
501 

1494 
1236 
501 
393 

1857 
866 
345 

2715 
586 

10976 

 0 
127 
167 
500 
412 
167 
131 
619 
289 
115 
905 
 0 

3432 

 1 
18 
25 
66 
34 
21 
19 

106 
42 
15 

113 
22 

484 

1⋅05 
4⋅72 
4⋅99 
4⋅41 
2⋅75 
4⋅19 
4⋅83 
5⋅70 
4⋅84 
4⋅34 
4⋅16 
3⋅75 
4⋅40 

0 
5 
4 
8 
6 
2 
2 

14 
4 
4 

13 
0 

62 

0⋅00 
3⋅93 
2⋅39 
1⋅60 
1⋅45 
1⋅19 
1⋅52 
2⋅26 
1⋅38 
3⋅47 
1⋅43 
0⋅00 
1⋅86 

 0⋅00 
 2⋅77 
 1⋅60 
12⋅12 
17⋅64 
 9⋅52 
10⋅52 
13⋅20 
 9⋅52 
26⋅66 
11⋅50 
 0⋅00 
12⋅80 

                
*NRAC, Nucleotide substitution resulting in an amino acid change. 
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Figure 1. Nucleotide sequence divergence among different JEV isolates. Alignment of the complete 
nucleotide sequences of different JEV isolates was carried out using the Jotun Hein method (Hein 1990). 
Per cent nucleotide sequence divergence was calculated by comparing sequence pairs in relation to the 
phylogeny reconstructed by MEGALIGN using Lasergene software (DNASTAR Inc., Madison, WI). 
 

Figure 2. Phylogenetic relationship among different isolates of Japanese encephalitis 
virus. Complete nucleotide sequences of different JEV isolates were aligned using 
CLUSTAL W (Higgins et al 1996). The dendogram was constructed using the MEGA 
program (Kumar et al 1993) that used 100 bootstrap replicates of the sequence data. The 
numbers at the forks indicate the number of times the group consisting of the species to the 
right of the fork occurred among 100 trees. Shown is an unrooted tree. 
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P20778, were not closer to each other. Rather, the GP78 
isolate was closer to the SA14 strain while the Vellore 
P20778 strain was closer to the Beijing-1 strain. Thus both 
the Indian strains for which complete genome sequence is 
available are phylogenetically close to the Chinese iso-
lates although the GP78 and the Vellore P20778 strains 
appear to have evolved independently. This observation is 
not completely surprising since these two strains were 
isolated from geographically distant locations at a time 
gap of about 20 years. However, this reinforces the need 
for carrying out the molecular epidemiology of JEV in 
India that may have implications for JEV vaccine design 
and use. 
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