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Absivmet

Tn this study codon and amina-acid wsage of the phage genes were analyized 1o understa nad the m_nctinrr.:_lllfr'
of the protcin codng genes. Low bins was noticed. The penes were inlluenced by n'_luluunnal bins
Reasonable number of optimal codons was policed. GC3 contenl docs mot play any role in synORYMOUS
codon wsage: owever geiic expresgion levels and hydropathicity determine codon ynd mming sod usLpe

warigtion, Highly expresseil pencs play an important rol

2 in infegtivay.
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In order 1w develop any pathogenic or gymbiolc
intersctions anel sites for bacteriophage attachment Hee
bacterisl surface is of utmost significance (Pulneky el
al, 2004). The bacteriophage 16-1 is a temperate phage
of Rhf=pbinm mefilori {(Ordogh and Szende, 1960} as
well some other rhizobacterin Dunng the process of
infection symbictic nitrogen-fixing partners of warious
leguminous planis a5 well as  exopolysacchandes,
capsular polysaccharides, and lipopolysaccharides play a
vital rode im rhizobin ((Putnoky ef al, 2004). The
bacteriophage 163 iz known fo introduce it genome
inle the chromesome of Rbizebiem melilon by the
mechanism of site-specific recombination (Papp er al,
1993), It is o double swanded DNA phage with an
averall GC content of 58.95%. The genome size of this
virus belonging to the Causdoviraler family s 60193 bp
{hepatfimg. gi.doe. govicgi-binfpub/main.cgi) and
harbers 110 protein coding genes. Very linde is known
abowt the structure and function of the protein coding
genes, Tn this regard, the study of synonymous codon
asage is essential in undersianding how the prolgin-
coding genes in this organism have been shaped

Tt is well known that sypooymows codon Usage is noo-
random, species specific (Sur er af. 2007), and s
influsnced by  dircctional mutational  bias  and
ranslational selection (Saw er af, 2007). Codon bias
varies constdersbly betwesn and wilhin organisms
across the genome (Sen er al, 2007}, Codon and aming
usage bias has already been studied in T.. T
mycobacteriophages,  staphylococcal  phages el
enriching the science of phage biology (Sau, 2006).
Amino scid usape is known 1o be predisposed by
hydrophobicity, aromaticity, cysfeime  conient  ele
(Lobry and Gawtier, 1994; Garat and Musto, I000;
Favala er al,. X002, Banerjes er al,, 2004, Basak of al,
2004; Maya ef al., 2004). In this communication we have
atempted o look inte the synonymous codon usage bias
ond pmino acid usage of Rhizobium phage 16-3 to infer
wpon its way of life and identify predicted highly
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expressed gEnes.
Materials and Methods

Genome sequence of the Rhizobium phage 16-3
(Accession Mo, MC_1103) was otained from the
MG dmakase (Markowitz ef al. 2006). All of the
protein coding genes were explored using Codon W
software {hup:.'.-'mnhq-]:.pm:L-:ur.f.r.-'cgbhim’h'[nhyli:lﬁmmﬂ
pnrl.a.l_p}"?fnm::mdunw] (Sur e al, 2008) and ACUA
(Umashankar f @l, 2007). ACUA was used 1o calculate
the GC content, GC3 {amount of G or C codons in the
third position), Mc (Effective number of codans), GC
skew and AT skew (Sur er af, 2008). Nc is a simple
measure of codon bias whose value ranges from 20 to §1
{Ghash, 2004). The codon adaptation index (CAL) was
calculated with ACUA. CAl is a measure of the relative
adaptiveness of the codon usage of genes in the dirsction
of codon usage of highly expressed genes (Wu ef al,
2005, CAI values (lucwate from 0 to 1 with higher
values signifying that gene of concern has a codon usage
paltern similar o reference  genes, Hydropathicity
{CRAVY score) and sromaticity (Peden, 1999 of the
protein coding genes were determined using Codon W.
The former is calculated as arithmetic mean of the sum
of the hydropathie indices of each amine acid, while the
latrer 1% an index for amino ocid usags given thal
disparity in amino acid composition can  have
applcation for amalyzing codon usage (Lobry und
Gautier, 1994). Comespondznce analysis is a type of
multivaniate statistical amalysis. Tt was camed oul on
codon usage of codon count and amino acid usage using
Codon w (hurp:iimobyle pasteur. frfegi-bind
MohylePortaliportal py?form=codonw). The technigue
explore key trends codon and amino-acid usage disparity
among the genes within the genomes

Resulis and Discussion

The initial purpose was to seitle wpon the degres of
codon usage variation among the viral genes. Codon
heteragensity is commenly coupled with the expression
level of the genes (Sen ef al., 2008), The GCI and Ne
values of the genes were analyzed w find oul the degres
of heerogencity. Effective number of codens and GC
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Fig. It Effectuve number of codons wsed {Mc) in each
geme (Y axis) plotied apaing the GH+C content al
synonymows  thicd  position of codons  (GC3) (X
axis) The continuous corve denoles the null hypathesis
that GC bias o the synonymous sile s exclusively due
b muaateon and mod selecion,

content of the dhird positen detects codon usage
variation among the penes with the Ne/GC3 plos
hoghlighting the variations. Ne values ranged from 30|
1w G120, while GC3 values ranged from 1521 to 241,
Althousgh the Ne walues vwaried, GC3 walues did ol
show sgnificant vanation implying that there s marked
heterageneity among the penes. Low mean Ne walues
indicale that there is not much bias among the genes.
The GC content is moderate, while the GC3 percentage
is exwemely low,

Figure | shows the No/GC3 plot for the studied genes. Tt
is geeft [rom the Migure that a small number of genes are
lying on the expecied curve which is undoubtedly
derived from extrems mutstional bias and a few mimber
of genes Iving ebove the expected curve, 1T GCI conteni
exclusively prejudiced codon bios Ne values would have
had fallen on the expected curve in the GC23 and Me plo
suggesting that Riuzobism phage genes have additional
codon bias independent of GC3s. The mean Fop value
for the protein coding penes in Rhizobinn phage 16-3 |5
moderate. If matational bias exclusively  comtrolled
codon usages bias the prolzin coding genes would have
had low Fop values. Moderate Fop value indicates the

Table 1: Potentially highly expressed (PHX) genes of
Rhizobiym phage 16-3

Genes Locus tag CAI value
P-040 RMI63_040 0815
F-079 RMIE3_079 0813
P-03 RMIGI_G73 754
P20 EMI63_020 0.791
P-OTY RMIE3_077 09
p-078 Rh163_078 0784
P-031 Rha1e3_031 i0.7E4
P-10& RMIGI_106 0753
P Rhila3_094 78|
P-0&2 RMI63_082 0776

Putative 1ail fiber RMI63_012 i0.764

protzin H
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Fig. 2: Correspondence analysis of codon usogs patterns
on codon count. X and Y axes correspond 1o axes | and
1 of the analysis

presence of reasonable nomber of optimal codoms,

Cosrespondence amolysis on codon coumt of the 110
protein coding penes of Rhizohium phags 163 was
carried oul 1o inspect whether amino-acid compositions
play a robe in codon usage. It is quite apparent from the
ploa (Figure 2) thar there is pot much variaon in codon
psage omong the penes in Rhigobiam  phoge. The
position of the first major axis of variation was
negatively comrelated with A3 (r=-00258), positvely
cormelaled with G3 (r=0235), T3 {r=00190) and C3
(r=0.194). CAI wvalues were positively comelated
(r=0.3%0) with Axiz | and stfong pegative gomelation
with Me {r=-0.7535). Mo significam correlation was
obtained for GC3, These results indicate that cxpression
levels of the genes manifested by the CAI values play an
important role in codon usage vanation among the
genes. Sirong negative commelntion of the principal axis
of vorialion with Mc values moy be due to decreass in
codan bias among genes bying 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 variation

Correspondence analysis of amino acid usage (Figure 3)
For the |10 prosein coding genes revealed two major axis
of varigtion. It was carried out 1o identify the forces in
defining functionality of the enceded proteins. The fira
major axis of vanation showed strong negative
correlation {r=-0.814) with grand average hydropathicity
(GRAVY) score, GRAVY score depicting the measure
of hydrophobic character present in the amino acid is
used dunng anzlysis of the structure of o proein
sequence. However, almost no correlation was obiained
for the prncipal axis of variation and aromaucity. Few
numbers of genes present on the negative side of the
axis are anticipated 10 have GC rich amino acids.

CAI is 8 measure of gene expression level. As per W er
al., 2005, top L0 of the genes in terms of CAT values
are potentially highly expressed. The corresponding CAl
cut off for the protein coding penes of Rhizobium phage
was L769. The potentially highly expressed penes arc
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Fig. 3: Comespondence analysiz of codon usage patlerns
on aming 264 usage. X and Y axes cormespond fo axes |
and 2 of the analysis

shown in Table 1. To per insghts inte the functional
distribution of the patentially highly expressed genes the
Clugter of Onbologous genes (COGs) were arsdied.
COGs consist of paralegs from three lineages matching
up with ancient phylogencstic lines. O of the 6
catggares of CO0 genes in Riizebium phage none of
them were found to fall in the highly expressed
category. Most of the potentially highly expressed penes
are pssocisted with phoge infectivity and integration.
The presence of highly expressed genes associated with
infectivity indecd helps the phage in survival.

Condlusion

Rhizobium phage genes shevw low codon biss. The gencs
may be influenced by mulotional baas and possess
rensenable number of opimal codons, GCI content does
nol play any role in synonymous codon wsage, heweser
gene cxpression levels determine codon wsage vanation
Hydrophabic motere of the amino-acids 15 revealed by
amina acid usape. FI.'Il.'L'l'IEI'ﬂ”!F !'ll:lll:p enpresaed geings
apsocialed with infectivity divulge its fobe s o phuge
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