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1. INTRODUCTION
Dengue fever is caused by dengue virus which is a mosquito-borne 
tropical disease [1]. The genome size of dengue virus is approximately 
11 kb and the genome are translated as a single, long polypeptide and 
then cut into ten proteins. Four antigenically different dengue virus 
(DENV) serotypes (DENV-1 to 4) are known. The dengue viruses are 
prevalent in tropical and subtropical regions globally. The increasing 
co-circulation of the four different DENV serotypes, particularly in 
America and Asia, is not uniform and has implications for patterns in 
disease severity and hyperendemicity [2]. 

DENV envelope (E) protein is a major N-glycosylated dimeric 
membrane fusion protein on the surface of the virion and mediates 
virus binding and fusion to host cell membrane [3]. Envelope protein 
has been reported to experience strong selective pressure from the host 
immune response and targeting it has been suggested to be an effective 
antiviral strategy against dengue [3,4]. Therefore, we focus on the 
amino acid usage patterns and explore the evolutionary dynamics of 
DENV envelope genes. In the present study we studied the contrasting 
amino acid usage signatures and evolutionary patterns of the DENV 
envelope genes of the Asian and American origin.

2. MATERIALS AND METHODS
All available envelope gene sequences of the four DENV serotypes 
were retrieved from ViPR database (https://www. viprbrc.org/ brc/ 
home.spg?decorator=vipr). CodonW software (http:// www. molbiol. 
ox.ac.uk/cu) was used to perform correspondence analysis (CoA) on 
RAAU data of the DENV envelope gene sequences [5,6]. 
Evolutionary rates of the envelope genes representing Asian and 
American DENV isolates was calculated using Codeml program of the 
PAML software package (version 4.7) [7,8]. Similarity index D (A, B) 
refers to the inuence of host genome in shaping viral codon usage 
patterns [9]. The parameter similarity index, D (A, B) is calculated as:

where R (A, B) denotes the cosine value of an included angle between 
A and B spatial vectors. Relative synonymous codon usage (RSCU) 
value of a particular codon is denoted by ‘ai’ for a given type of 

envelope (i.e., Asian and American isolates) protein coding sequence. 
RSCU value of the same codon for human host is denoted by ‘bi’. 
RSCU values of the envelope genes of Asian and American DENV 
isolates were calculated using CodonW software. The Codon Usage 
Database was used to obtain the codon usage values for human 
genome. D (A, B) refers to the similarity index value that ranges within 
0 to 1.0 and greater impact due to host selective constraint is indicated 
if D (A, B) value close to 1. The DENV envelope protein sequences, 
representing the four different serotypes, were modelled using the 
MODELLER 9 software [10] with PDB structure 3J27 (Chain C) as 
the template based on alignment and identity [11]. Protein crystal 
structure of the human DC-SIGN (PDB: 1SL4) was retrieved from 
PDB. Envelope proteins representing the four different DENV 
serotypes were docked separately with the associated human DC-
SIGN receptor employing GRAMM-X server (http:// vakser. 
compbio.ku.edu/resources/gramm/grammx/). 

3. RESULTS AND DISCUSSION
3.1 Amino acid usage pattern and evolutionary selection
We performed Correspondence analysis (CoA) on the relative amino 
acid usage (RAAU) of the DENV envelope genes separately for each 
serotype to analyse the amino acid usage patterns. It is a multivariate 
statistical technique that is frequently used to assess the variation in a 
dataset and in the present study it was employed to explore the 
variations among the concerned DENV envelope genes [6,12]. 
Correspondence analysis resulted in two clusters for each of the four 
serotypes along the x-axis (Figure 1). 

Figure1: Distribution of dengue virus envelope genes along the two 
major axes of correspondence analysis based on amino acid usage 
for Serotype 1. Blue points represent envelope genes from Asia and 
orange colored points represent envelope genes from America. 
Similar pattern is observed for Serotype 2, Serotype 3, and 
Serotype 4.
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ABSTRACT
Envelope gene sequences associated with the four serotypes of dengue virus (DENV) have been analyzed to prole characteristic amino acid usage 
patterns and explore their evolutionary signatures. Present investigation clearly demonstrates an alteration of amino acid usage patterns of the 
DENV envelope genes and their evolutionary signatures depending on their geographical location of isolation. Comparative analysis associated 
with the impact of host genome on the envelope genes of the DENV serotypes suggests that host-associated selective constraints vary between 
Asian and American isolates among the four different serotypes. Molecular docking-based interaction analysis of the envelope proteins with the 
host (human) receptor DC-SIGN revealed contrasting degrees of binding afnities among the four different serotypes depending on the 
geographical location of isolation. The present work promises to confer meaningful information that may be exploited suitably to explore the 
complex evolutionary dynamics and mechanisms of host receptor attachment of DENV envelope proteins.
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Figure 2: Variation of binding energy between DENV envelope 
protein and human DC-SIGN receptor among the four different 
serotypes of dengue virus.

Table 1: Three parameters compared between Asian and 
American envelope gene sequences of four serotypes of dengue 
virus.

For a given serotype, one cluster comprised of the envelope genes of 
the Asian origin and the other cluster comprised of the envelope genes 
of the American (North America and South America) origin. This 
pattern of amino acid usage of envelope genes was consistent for all the 
four serotypes. This observation indicates that the DENV envelope 
genes have different amino acid usage signatures depending on their 
geographical location of isolation. 

We have also noted that positions of the genes along the x-axis (Figure 
1) signicantly correlated with the evolutionary rate of the envelope 
gene (P < 0.01). It indicates towards the governing role of evolutionary 
selection in shaping the amino acid usage patterns of the envelope 
genes depending upon their geographical location. 

To corroborate our observation, a linear regression line was tted 
between Ka and Ks through the origin with the assumption that Ka and 
Ks should both initially be zero at the moment of lineage divergence. 
The slopes for the lines for four serotypes of Asia and America have 
been detailed in Table 1. The observations suggest that the rate of 
increase of Ka values relative to the increase in Ks values is faster in 
Asian envelope genes for serotypes 3 and 4 compared to the American 
counterparts. On the contrary, in case of the serotypes 1 and 2, the rate 
of increase of Ka values relative to the increase in Ks values was noted 
to be faster among the envelope genes of American origin compared to 
those of the Asian origin. 

It may be inferred from the above results that the envelope genes 
representing serotypes 3 and 4 belonging to the American origin have 
been under stronger evolutionary selection pressure than the DENV 
envelope genes of the Asian origin. On the other hand, the envelope 
genes of serotypes 1 and 2 reecting the Asian origin experience 
stronger evolutionary selection compared to their American 
counterparts. 

3.2 Influence of host machinery
We, therefore, assess the inuence of selection pressure due to human 
host on the viral codon usage patterns. The similarity index parameter 
(SiD) has been computed to decipher the inuence of human host 
genome on the envelope genes of DENV serotypes of the Asian and 
American origins. An in-depth analysis revealed that the SiD values of 
the envelope genes for the DENV serotype 1 of Asian origin is 
signicantly higher (P < 0.01) than the envelope genes for the DENV 
serotype 1 of the American origin. Similarly, envelope genes for the 
DENV serotype 2 of Asian origin is signicantly higher (P < 0.01) than 
the envelope genes for the DENV serotype 2 of American origin (Table 
1). However, the SiD values of the envelope genes of Asian origin for 
the DENV serotype 3 serotype 4 were signicantly lower (P < 0.01) 
than the envelope genes of American origin for the DENV serotype 3 

and serotype 4 (Table 1). These observations indicate that the host 
directed selection pressure was higher on the envelope gene sequences 
isolated from Asian region for serotypes 1 and 2 whereas, for serotypes 
3 and 4 host directed selection pressure was higher on the envelope 
gene sequences isolated from the American region. The varying 
degrees of selection pressure on the DENV envelope genes among the 
Asian and American isolates correlated well with the contrasting 
evolutionary selection operational on them.

3.3 Molecular interaction between envelope protein and human 
receptor
Molecular docking of the DENV envelope protein with human DC-
SIGN receptor was performed to further evaluate the inuence of 
selection pressure on the binding stability of the envelope proteins with 
the human receptor DC-SIGN. The binding energy scores of the 
complex formed between DC-SIGN and envelope proteins separately 
for each serotype have been detailed in Table 1. An analysis of the 
binding energy scores of the DENV envelope protein-human receptor 
DC-SIGN complexes revealed that the binding energy values of the 
complexes were signicantly higher (P < 0.01) for serotypes 1 and 2 
for the American isolates in comparison to the Asian isolates (Figure 2 
and Table 1). On the contrary, the binding energy scores of the 
complexes for serotypes 3 and 4 were signicantly higher (P < 0.01) 
for the Asian isolates in comparison to their American counterparts 
(Figure 2 and Table 1). 

It has been proposed that greater selection pressure due to host on viral 
genome can be ascertained through higher similarity index value [12, 
13, 14]. It was interesting to note that the DENV envelopes genes of the 
American origin for serotypes 1 and 2 and DENV envelopes genes of 
the Asian origin for serotypes 3 and 4 were under relaxed host selection 
pressure compared to their counterparts and exhibited higher binding 
potential with the human receptor DC-SIGN. In this pretext it is worth 
mentioning that the event of relaxed selection pressure with the 
accumulation of benecial non-synonymous mutations among viral 
genomes has been reported to signicantly contribute to viral 
proliferation and subsequent progression to infection in host 
environment [13, 15]. Our observation might point towards the fact 
that relaxed host selective constraints might provide scope for the 
accumulation of non-synonymous mutations in the viral populations 
and considerably alter the fate of attachment of the DENV envelope 
proteins with the human receptor DC-SIGN. However, further in vitro 
and in vivo studies are demanded to draw a denite conclusion. 

4. CONCLUSION
The present study highlights the variations in amino acid usage 
patterns, host selection pressure and interaction with human host 
receptor DC-SIGN among DENV envelope genes depending on 
geographical location of isolation of envelope genes. Present ndings 
may provide ample scopes to elucidate the genetic characteristics of 
DENV with potential host inuence. This study also explores the 
complexities of DENV pathogenesis, targeted towards the 
development of new generation dengue vaccines.
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