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Abstract Vibrio cholerae is the pathogenic organism causes cholera, a severe diarrheal disease. Occurs frequently in southern Asia.
Vibrio cholerae has both pathogenic and nonpathogenic strains that vary in their virulence gene content. Great variety of strains and
biotypes of Vibrio cholerae are found. These varieties are involve in shuffling of different pathogenic factors among them such as
receiving and transferring genes for toxins, colonization factors, antibiotic resistance, capsular polysaccharides which giving
resistance to chlorine 7 and new surface antigens, such as the 0139 lip polysaccharide and O antigen capsule. Different mode of
transfer of these virulence gene i.e. lateral and horizontal transfer by phase, collection of pathogenic genes and other accessory
genetic element, pave the way to understand how bacterial pathogen develop its Pathogenicity and become a new strain. To provide a
insights into the genetic features and the relationship between the overall codon usage pattern of virulence gene set (VGS).We
measure the GC content of VGS which shows that there is no any difference between GC content of whole genome and VGS .1t also
has been found that GC content shows the similar distribution among the CDS of both whole genome and Virulence gene set. A
correlation analysis between the A3s, T3s, G3s, C3s, and GC3s, the ENC values, and the nucleotide contents (A%, T%, G%, C%, and
GC %) indicated that mutational bias plays role in shaping the VGS codon usage bias.
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Introduction

Strains of the EI Tor biotype causes sporadic
infections and cholera epidemics as early as 1910, this
biotype emerged in 1961 to cause the 7™ pandemic
which in turn causes the global elimination of
classical biotype strains as a cause of disease. The
Gram negative, Vibrio cholerae ElI Tor N16961
possesses a complete genomic sequence of is
4,033,460 base pairs (bp). The whole genome of
Vibrio cholerae ElI Tor N16961 is divided in to two
circular chromosomes of 2,961,146 bp and 1,072,314

environmental organism evolved to become a
significant human bacterial pathogen.

Pathogenic bacteria uses a lot of mechanisms to cause
disease in human hosts. Bacterial pathogens have a
wide range of molecules that bind host cell targets to
produce different type of host responses. The
molecular mechanism of pathogenic bacteria to
interact with the host unique to every pathogens or
conserved throughout the several different species.
The availability of complete genome sequences for
several bacterial pathogens facilitates to reveal the

bp. The total 3,885 open reading frames were encoded
by the whole genome of vibrio cholera. Major part of
recognizable genes which plays a chief role in cell
functions (such as DNA duplication, transcription,
protein synthesis and cell-wall biosynthesis) and
pathogenicity (for example, toxins, surface antigens
and adhesions) are resides on the primary
chromosome. The V. cholerae genomic sequence open
the scope for understanding how a free-living,

mystery behind the molecular strategy used by
bacteria to infect host. The “horizontal gene transfer”
is one of the major factor which changes the genomic
feature of bacterial genome in a fast and dramatic way.
Recent studies have shown that horizontal gene
transfer plays an important role in the molecular
evolution of novel bacterial pathogens. There is a
section which may contain large blocks of virulence
determinants (adhesions, invasions, toxins, antibiotic


mailto:basaksurajit@gmail.com
http://dx.doi.org/10.5376/cmb.2015.05.0006

vy

BioPublisher®

http://cmb.biopublisher.ca

Computational Molecular Biology 2015, Vol.5, No.6, 1-4

resistance protein, etc.), and thus are referred to as
pathogenicity islands. It has also been reported that
several biotic factors has influence of pathogenicity of
bacteria and on the genomic features of pathogenic
genes.

1 Methodology

The coding sequences of whole genome of vibrio
cholera N16961 retrieved from the NCBI ftp site
(http://www.ncbi.nlm.nih.gov/Ftp/) and the virulence
gene set are downloaded from the pathogenic Island

Database (http://www.paidb.re.kr/about paidb.php).

Genes under the gene set of virulence are
eliminated from the whole genome CDS to avoid
the recurrence of CDS in both the gene set.
Codon compositions (A3s, T3s, G3s, C3s, and
GC3s) of virulence gene set are obtained using
software Codon W (written by John Peden) and
taken from (fttp://molbiol.ox.ac.uk/cu/codonW.tar.Z/).
The nucleotide content (A%, T%, G%, and C%) of
each cds of VGS was analyzed using the MEGA 4.0
biosoftware for windows. The obtained data are
further analyzed statistically using statistical software
(www.statsoft.com/Products/STATISTICA/Data-Min
er) to get the values of statistical measurement. We
also measure the extent of codon usage bias (NCyif) in
this bacterial genome. To measure the NCgiss We have
downloaded all the ribosomal protein coding genes
from the NCBI ftp site, we generate two set of coding
sequence to evaluate NCgs i.e ribosomal protein
coding gene and rest of the genes. Using codon W
software we have analyzed the ENC value of
ribosomal genes and rest of the genes.

2 Result and Discussion

To investigate whether there is any possible influence
of mutational pressure on the codon usage bias in the
VGS the correlation analysis was performed between
the composition at different codon position (A3, T3,
G3, C3, and GC3), the nucleotide compositions (A%,
T%, G%,C%, and GC%) and ENC values(Table 1).
The results indicate that most of the codon
compositions  correlated  with  the nucleotide
compositions. Additionally, ENC value always shows
no correlation with the nucleotide compositions.
These results confirmed the codon usage bias of the
VGS was influenced by the nucleotide compositions,
and hence by mutational bias.

Table 1: The correlation between the codon compositions (A3s,
T3s, G3s, C3s, and GC3s), the ENC values, nucleotide
compositions (A%, T%, G%, C%, and GC%) value of the
coding sequence of virulent genes.

A% T% C% G% GC%
A3s  0.8041 0.0707 -0.4902 -0.5241 -0.6393
T3s 0.4029  0.6070 -0.5921 -0.6762 -0.3935
C3s -0.2190 -0.6002 0.6797  0.1969 0.8144
G3s  -0.6766 -0.1759 0.3012* 0.6587  -0.5269
GC3s -0.4680 -0.2950* 0.6952  0.4453  0.5445
ENC -0.0981 0.0995 0.0351  -0.0340 0.0092

Note: * 0.01 <P <0.05

We also make the GC12 VS GC3 plot of both the CDS
set i.e. whole genome CDS and VGS CDS in both the
case the correlation values are more or less similar
indicating that mutational pressure influencing both
gene sets similarly. GC12 is the average value of GC1
and GC2 and GC3 is plotted against this average value
and find out the correlation to predict whether there is
any difference between mutational forces shaping
codon usage bias in both the CDS set. Plot of GC3
against GC12 is showing a comparatively weaker, but
significant correlation (r = 0.2749, p < 0.1) in case of
virulence gene set. The above findings indicate that
the forces that are shaping the compositional patterns
of the Whole genome and VGS are the same for all
codon positions and acting on the three codon
positions in a similar way.

2.1 GC content distribution among the whole
genome and Virulence gene set

From the figure 1 and figure 2, it can be assumed that
GC content is more or less uniformly distributed
among the CDS of whole genome and VGS. So it can
be predicted that whole genome and VGS may have
the similar kind of nucleotide composition as well as
may have share the same pattern of codon usage.

2.2 Extent of codon usage bias
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Figure 1 Distribution of GC content among the genes of VGS

We consider organism whether it is bias or unbiased in
relation with its codon usage if highly expressed genes
shows a different distribution of synonymous codons
from that in other genes in the genome. Several
methods were proposed to assess the extent of codon
usage bias at an organism scale, which determine the
organism as biased or unbiased. NCgi iS a most
widely used measure to judge whether the organism is
biased or unbiased. Here we use the measure to
evaluate the extent of codon usage bias of Vibrio
cholera N16961. The difference of average NC values
of the ribosomal protein coding genes and the average
NC values of the rest of the genes in the genome are
referred to as NCyqir. Organism having high value and
low value of NCyi exhibit large and small extents of
codon usage bias respectively.

NCgifr Was obtained by:
NC(all) — NC(rib)

NC(all)

The NCgs value of this bacteria is very low which
denotes that this bacteria shows a very small extant of
codon usage bias in its whole genome.

2.3 GC content of VGS and whole genome

Total GC content of pathogenic gene set and the
whole genome gene set (devoid of pathogenic gene)
were measured and it has been found that there is
uniform distribution GC between this two gene set,
which implies that pathogenic gene set not influenced
by mutational pressure and other factors and there is
hardly any chance of horizontal gene transfer into the
pathogenic gene set of vibrio cholera. Total GC
content of whole genome and VGS (pathogenic set)

Figure 2 Distribution of GC content among the genes of whole

genome

respectively 47% and 48%, the variation of GC
content between this two gene set is negligible.

3 Conclusion

From this study it can be observed that there is no any
difference in codon usage pattern of VSG and genome
of Vibrio cholera N16961 as well as pathogenic gene
set share the same pattern of distribution of
nucleotide composition with the whole genome.
The selection force i.e. mutational pressure are
influencing in a similar fashion in both the gene
set of Vibrio cholerae N16961. This finding
also support that there is hardly any genome
wide codon usage difference as we find that
extent of codon usage bias is very low
throughout the genome, which indicate that
there may be very least chance of codon usage
difference among the different functional
categorical genes in this pathogenic bacteria.
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