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Abstract
In this study codon and amino-acid usage of the phage genes were analyzed to understand the functionality 

of the protein coding gencs. Low bias was noticed. The genes were influenced by mutational bias. 

Reasonable number of optimal codons was noticed. GC3 content does not play any role in synonymous 

codon usage: however gene expression levels and hydropathicity determine codon and amino acid usage 

variation. Highly cxprcssed genes play an important role in infectivity. 
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expressed genes. In order to develop any pathogenic or symbiolic 

interactions and sites for bacteriophage attachment the 

bacterial surface is of utmost signilicance (Putnoky et 

al, 2004). The bacteriophage 16-3 is a temperate phage 

of Rhizobium meliloti (Ordogh and Szende, 1961) as 

well some other rhizobacteria. During the process of 

infection symbiotic nitrogen-fixing partners of various 

leguminous plants as well as exopolysaccharides,

capsular polysaccharides, and lipopolysaccharides play a 

vital role in rhizobia ((Putnoky et al., 2004). The 

bacteriophage 16-3 is known to introduce its genome 

into the chromosome of Rhizobium meliloti by the 
mechanism of site-specific recombination (Papp et al., 

1993). It is a double stranded DNA phage with an 

overall GC content of 58.95%. The genome size of this 

virus belonging 
(htp://imgjgi.doe.gov/cgi-bin/pub/main.cgi) 
harbors 110 protein coding genes. Very little is known 

about the structure and function of the protein coding 

genes. In this regard, the study of synonymous codon 

usage is essential in understanding how the protein- 

coding genes in this organism have been shaped. 

Materials and Methods 

Genome sequence of the Rhizobium phage 16-3 

(Accession No. NC_011103) was obtained from the 

IMG database (Markowitz et al., 2006). All of the 

protein coding genes were explored using Codon W 

software (http://mobyle.pasteur.fr/cgi-bin/MobylePortal/ 

portal.py?form=codonw) (Sur et al., 2008) and ACUA 

(Umashankar et al., 2007). ACUA was used to calculate 

the GC content, GC3 (amount of G or C codons in the 

third position), Nc (Effective number of codons). GC 

skew and AT skew (Sur et al., 2008). Nc is a simple 

measure of codon bias whose value ranges from 20 to 61 

(Ghosh, 2004). The codon adaptation index (CAI) was 

calculated with ACUA. CAI is a measure of the relative 
the Caudovirales family is 60195 bp 

and adaptiveness of the codon usage of genes in the direction 

of codon usage of highly expressed genes (Wu et al., 

2005). CAI values fluctuate from 0 to 1 with higher 
values signifying that gene of concern has a codon usage 

pattern similar to reference genes. Hydropathicity 

(GRAVY score) and aromaticity (Peden, 1999) of the 

protein coding genes were determined using Codon W. 
The former is calculated as arithmetic mean of the sum It is well known that synonymous codon usage is non- 

random, species specific (Sur et al., 2007), and is 

and 
of the hydropathic indices of each amino acid, while the 

latter is an index for amino acid usage given that 

disparity in amino acid composition can have 

application for analyzing codon usage (Lobry and 

Gautier, 1994). Correspondence analysis is a type of 

multivariate statistical analysis. It was carried out on 

codon usage of codon count and amino acid usage using 

influenced by directional mutational bias 
translational selection (Sau et al., 2007). Codon bias 

varies considerably between and within organisms 
across the genome (Sen et al., 2007). Codon and amino 

usage bias has already been studied in T4, T7. 
etc. mycobacteriophages, staphylococcal phages 

enriching the science of phage biology (Sau, 2006). 
Amino acid usage is known to be predisposed by 

hydrophobicity, aromaticity, cysteine content etc. 

Lobry and Gautier, 1994; Garat and Musto, 2000; 
Banerjee et al., 2004; Basak et al., 

Codon W (http://mobyle.pasteur.fr/cgi-bin/ 
MobylePortal/portal.py?form=codonw). The technique 
explore key trends codon and amino-acid usage disparity 
among the genes within the genome. 

Zavala er al., 2001 
Results and Discussion 2004; Naya et al., 2004). In this communication we have 

attempted to look into the synonymous codon usage bias 

and amino acid usage of Rhizobium phage 16-3 to infer 

upon its way of life and identify predicted highly 

The initial purpose was to settle upon the degree of 
codon usage variation among the viral genes. Codon 
heterogeneity is commonly coupled with the expression 
level of the genes (Sen et al., 2008). The GC3 and Nc 

values of the genes were analyzed to find out the degree 
of heterogeneity. Effective number of codons and GC 
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Fig. 1: Effective number of codons used (Nc) in each 
genc (Y axis) plotted against the G+C content at 
synonymous third position of codons (GC3) (X 
axis).The continuous curve denotes the null hypothesis 
that GC bias at the synonymous site is exclusively due 

Fig. 2: Correspondence analysis of codon usage patterns 
on codon count. X and Y axes coTespond to axes I and 

2 of the analysis 

presence of reasonable number of optimal codons. 
to mutauon and nol selection. 

Correspondence analysis on codon count of the 1l0 

protein coding genes of Rhizobium phage 16-3 was 
carried out to inspect whether amino-acid compositions 

play a role in codon usage. It is quite apparent from the 
plot (Figure 2) that there is not much variation in codon 
usage among the genes in Rhizobium phage. The 
position of the first major axis of variation was 
negatively coTelated with A3 (r=-0.256). positively 
correlated with G3 (r=0.235), T3 (r=0.190) and C3 
(r=0.194). CAI Vvalues were positively coTelated 
(r=0.390) with Axis I and strong negative correlation 
with Nc (=-0.7535). No significant correlation was 
obtained for GC3. These results indicate that expression 

levels of the genes manifested by the CAI values play an 

important role in codon usage variation among the 

genes. Strong negative correlation of the principal axis 
of variation with Nc values may be due to decrease in 

codon bias among genes lying towards the left of Axis 1. 
No correlation with GC3 may be due to absence of any 
function of GC3 compositions in effecting synonymous 
codon usage varialion. 

content at the third position detects codon usage 
variation among the genes with the Nc/GC3 plots 
highlighing the variations. Nc values ranged from 30£1 
to 61+0, while GC3 values ranged from 15+1 to 241 
Although the Nc values varied, GC3 values did not 
show significant variation implying that there is marked 
heterogeneity among the genes. Low mean Nc values 
indicate that there is not much bias among the genes. 
The GC content is moderate, while the GC3 percentage 
is extremely low. 

Figure I shows the Nc/GC3 plot for the studied genes. It 
is seen fronm the figure that a small number of genes are 
lying on the expected curve which is undoubtedly
derived from extreme mutational bias and a few number 
of genes lying above the expected curve. If GC3 content 
exclusively prejudiced codon bias Nc values would have 
had fallen on the expected curve in the GC3 and Nc plot 
suggesting that Rhizobium phage genes have additional 
codon bias independent of GC3s. The mean Fop value 
for the protein coding genes in Rhizobium phage 16-3 is 
moderate. If mutational bias exclusively controlled 

codon usages bias the protein coding genes would have 
had low Fop values. Moderate Fop value indicates the 

Correspondencc analysis of amino acid usage (Figure 3) 
for the 110 protein coding genes revealed two major axis 
of variation. It was carried out to identify the forces in 
defining functionality of the encoded proteins. The first 
major axis of variation showed strong negative 
corelation (r=-0.814) with grand average hydropathicity 
(GRAVY) score. GRAVY score depicting the measure 
of hydrophobic character present in the amino acid is 
used duing analysis of the structure of a protein 
sequence. However, almost no corelation was obtained 
for the principal axis of variation and aromaticity. Few 
numbers of genes present on the negative side of the 
axis are anticipated to have GC rich amino acids. 

Table 1: Potentially highly expressed (PHX) genes of 

Rhizobium phage 16-3 

Genes CAI value Locus taag 
RM163 049 
RM163 079 
RM163073 

M163_020 
RM163_077 
RMI63_078 
RMI63_031 
RM163_I06 
RMI63094 
RMI63 082 
RMI63_022 

P-049 0.815 
P-079 0.813 
P-073 0.794 
P-020 0.792 
P-077 0.791 
P-078 0.788 CAI is a measure of gene expression level. As per Wu er 

al., 2005. top 10% of the genes in terms of CAI values 
are potentially highly expressed. The corresponding CAI 
cut off for the protein coding genes of Rhizobium phage 
was 0.769. The potentially highly expressed genes are 

P-031 84 
P-106 0.783 

0.781 P-094 
P-082 0.776 

Putative tail fiber 0.769 
protein H 
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Fig. 3: Corespondence analysis of codon usage patterns 
on amino acid usage. X and Y axes correspond to axes I 
and 2 of the analysis 
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shown in Table I. To get insights into the functional 
distribution of the potentially highly expressed genes the 
Cluster of Orthologous genes (COGs) were studied. 
COGs consist of paralogs from three lineages matching 
up with ancient phylogenetic lines. Out of the 6 
catcgories of COG genes in Rhizobium phage none of 

them were found to fall in the highly expressed 
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are associated with phage infectivity and integration. 
The presence of highly expressed genes associated with 
infcctivity indecd helps the phage in survival. 
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