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Abstract: Pestiviruses including Classical Swine Fever Virus (CSFV), Bovine Viral Diarrhea Virus (BVDV) and
Border Disease Virus (BDV) can cause serious livestock diseases. The genetic characteristics between the three
viruses and their hosts were analyzed by the Relative Synonymous Codon Usage value (RSCU) based on
principle component analysis method. To compare with the overall codon usage between the three pestiviruses
and their hosts, the overall codon usage of CSFV 1s away from BVDV and BDV and some strains of CSFV are
strongly separated from others strains. These results indicate that although a strong mutation pressure from
the three RINA viruses takes part in these viruses’ evolution by the alternation of synonymous codons,
translation selection from their hosts on the synonymous codon usage pattern of the viral whole coding
sequences should not be ignored. Moreover, the codon distribution of the three pestiviruses relatively adapts
to the overall codon usage pattern of their hosts. The general codon usage patterns of the three pestiviruses
are the equilibrium of mutation pressure from virus and translation selection from host.
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INTRODUCTION
The degeneracy of the genetic code causes

synonymous codons to encode the same amino acid.
However, synonymous codons are not used randomly,
namely codon usage bias. The evolutional phenomenon
can be caused by the two mam different factors of
mutational pressure and translational selection
(Cutter et al., 2006; Duret and Hurst, 2001 ; Plotkin ef ai.,
2004). In term of human RNA viruses, it has been
observed that codon usage bias 1s caused by mutational
pressure, G + C context, the segmented property of the
genome and the route of transmission of the virus
(Drake, 1993; Karlin et al., 1994). Although, it is known
that mutation pressure and translation selection are the
more generally accepted mechanisms accounting for
codon bias (Coleman et al., 200%; Karlin et al., 1990,
Liuetal, 2010, Zhiet ol 2010, Zhou et al., 1999, 2010)
other selection forces have also been proposed such as
fine-tumng translation kinetics selection as well as escape
of cellular antiviral responses (Aragones et al., 2008, 2010,
Sugiyama et af., 2005). Comparison of the overall codon

usage pattern can play an important role in the
understanding of wviral evolution, particularly the
comparison of codon usage pattern between RNA viruses
and their hosts (Bahir et al, 2009; Liu et al, 2011;
Sanchez et al., 2003). Clearly, comparison of the overall
codon usage patterns between RNA viruses and their
natural hosts can reveal much about the molecular
evolution of RNA viruses. Such information would be
relevant in understanding the regulation of viral gene
expression based on viral codon preference.

which belong to the Flaviridae
family have positive-stranded, nonpolyadenylated RNA
genomes which encodes one large Open Reading Frame
(ORF) flanked by 5' and 3' Nontranslated Regions (NTR).
This genome codes for 4 structural proteins, the Capsid®
and 3 Envelop proteins (E™, El and E2), plus 7 Non-
Structural proteins (p7, NS2, NS3, NS4A, NS4B, NS5A and
NS5B). The pestiviruses can lead to serious livestock

Pestiviruses

pathogens which mainly own Bovine Viral Diarrhea Virus
(BVDV) of cattle, Classical Swine Fever Virus (CSFV) of
swine and Border Disease Virus (BDV) of sheep. For the
range of susceptible ammals of the three viruses, CSFV
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has a restricted natural host range which only contains
domestic pigs and wild boars (Carbrey et al, 1976,
Laddomada, 2000) BVDV owns a wide range of natural
hosts for example, buffalo, roe deer, red deer, wild
boar, bigbom sheep and causes many respiratory and
reproductive problems for example, diarthea, mucosal
disease or abortion in sheep and cattle (Vilcek and
Nettleton, 2006), BDV infects sheep causing principally
reproductive disease or abortion in cattle and sheep, this
virus was sporadically found in pigs as well (Becher et al.,
1997; Nettleton et al., 1998; Roehe et al., 1992).

Adaptation and co-evolution of RNA wviruses to
susceptible ammals were mostly studied by analyzing
alternation at non-synonymous and synonymous coding
sites 1n specific genes for example the adaptation of
human immunodeficiency virus-1 to specific HLA-1
epitopes (Kawashima et al, 2009). The study of
adaptation of viruses toward their hosts has been also
undertaken for specific viral families (Wong ef af., 2010).
There is no doubt that accumulating data on the genetic
characteristics of CSFV, BVDV, BDV and the relationship
of codon usage pattern between them and their
natural susceptible animals will contribute to a better
understanding of pestivirus evolution and significantly
improve molecular epidemiology of pesivirus infections as
well. Despite the importance of the codon usage pattern
as an indicator of the forces shaping genome evolution,
a systemic analysis 1s not applied for the extent and origin
of the codon bias in pestiviruses. To investigate the
potential effects of the codon usage pattern of the
susceptible ammals on the codon preference in these
viruses. The researchers analyzed the relationship of the
codon usage pattern between the three pestiviruses and
three susceptible livestock, particularly the contributions
made by translation selection from hosts and mutation
pressure by the viruses themselves.

MATERIALS AND METHODS

Data of virus sequences and codon usage in hosts: Based
on the earlier report about mformation of the whole
coding sequences of BDV, CSFV and BVDY (Zhou ef al,
2012), the Open Reading Frame (ORF) of the three viruses
were obtained from the National Center for Biotechnology
Information  (NCBI)  (http://www ncbi.nlm.nih.gov/
Genbank/). Moreover, to estimate the link between the
natural hosts and the three viruses in the synonymous
codon usage pattern, synonymous codon usage
frequencies of sheep (Ovis aries), cattle (Bos taurus) and
plg (Sus scrofa) were gotten from the codon usage
database (Nakamura et al., 2000).

The calculation of the Relative Synonymous Codon Usage
(RSCU): To identify the synonymous codon usage
patterns elimmating the confounding affection of amino
acid composition among different genes, the Relative
Synonymous Codon Usage (RSCU) wvalues for
synonymous codons of the three viruses were calculated
followed by the formula provided from the earlier report
Sharp et al.,, 1986). Stop codons (UAA, UAG and UGA),
AUG for Met and UGG for Try are excluded from the
RSCTJ calculation. For each ORF of the three pestiviruses
and the synonymous codon usage frequencies of sheep,
cattle and pig, the RSCU data of the 59 synonymous
codons were calculated. Additionally, the comparative
analysis of the general codon usage pattern between the
ORFs of the three pestiviruses and the natural hosts was
performed to estimate the adaptation of the pestiviruses
to the corresponding the susceptible host.
Principle component analysis: To estimate the
discrepancy between the overall codon usage pattern of
each pestivirus and that of natural host, Principal
Component Analysis (PCA) was employed. PCA is a
useful method reducing the data dimensionality by
performing a covariance analysis between factors. The
method can provide a direct way to visualize the link
in the overall codon usage pattern between the
codon distribution of the viruses and their natural
susceptible host (domestic pig, cattle and sheep).
Researchers can establish each two-dimensional map
which provides the evolution distance between the
virus and its host at the aspect of codon usage and
a relationship between the codon distribution of the
virus and the overall codon usage pattern of the host.
The two analysis methods were carried out by the
Statistical Software SPSS 11.5 for windows. Graphs
were plotted using Sigmaplot 10.0 (Systat Software
Inc.).

RESULTS AND DISCUSSION

The genetic characteristic of the three viruses at the
aspect of codon usage: Projection of the overall codon
usage by ORFs, onto the two-dimensional map derived
from PCA showed that the genetic diversity of the three
viruses. In general by comparing between the overall
codon usage of the three viruses and those of cattle,
sheep and pig, researchers found that a large evolution
distance existed between the RNA viruses and hosts
(Fig. 1) suggesting that RSCTU data can be applied to
estimate the genetic diversity. In term of the genetic
diversity of the three pestiviruses, the overall codon
usage of CSFV was away from BVDV and BDV and some
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Fig. 1: The discrepancy between the overall codon
usage pattern of the three pestiviruses and those
of cattle, sheep and pig. The two-dimensional map
was established by the first principle component
values (f°1 data) and the second principle
component values (£°2 data) derived from the 59
synonymous codon usage patterns in the three
pestiviruses and the three hosts. The f'1 data
accounts for 44.073% and the {2 data accounts
for 16.688% of total vibrations

straing of the three viruses were strongly separated from
others of CSFV (Fig. 1). Compared with CSFV which
generally infected the pig family, the overall codon usage
pattern of BVDYV was similar with that of BDV (Fig. 1). [tis
interesting that although the second principle component
values (f2 data) approximately ranged from -1.5to 1.5, the
first principle compenent values (1 data) approximately
ranged from -1 to 0.5 suggesting that despite of high
mutation rate, the overall codon usage of the three viruses
were limited by some selection pressure.

Visualizing codon usage patterns between CSFV,BVDV,
BDV and cattle, sheep and pig: Figure 2-4 also made
immediately obvious the relationship between the overall
codon usage pattemns of the three livestock and the
codon distribution of CSFV, BVDV or BDV, respectively.
Generally, they confirmed that the cells deriving from the
three livestock were the candidate systems for expressing
protemns encoded with CSFV, BVDV and BDV codon
usage profiles. The three maps also suggested that the
three viruses might express in the three livestock cells
successfully in theory. Furthermore, the relationship
assists to visualize the synonymous codons which are
chosen differentially by each of the three livestock.
Additionally, it was noted that the usage of AGA, AGG,
UCG and ACTT of CSFV, the usage of AGG, AGA of BVDV
and the usage of AGA, AGG, CCA and UCA of BDV were
obviously apart from the usages of the other codons
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Fig. 2. Graphical representation of the relationship
between the codon distribution of CSFV and the
overall codon usage pattern of the three livestock.
The two codons ATG and TGG that umquely
encode Met and Trp, respectively have been
omitted. Two dimensions were identified that
accounted for 69.69% ("1 data) and 27.48% (f°2
data) of the total codon variability information,
respectively

(Fig. 2-4). These results might mdicate that the
synonymous codon usage patterns of these codons
mentioned earlier might be used as a genetic mark for the
corresponding virus.

The overall codon usage pattern can reflect a genetic
diversity of viruses and the reaction between some RNA
viruses and their hosts has been noted (Liu et al., 2011,
Sanchez et al., 2003). This study of the overall codon
usage pattern between the three pestiviruses and their
hosts showed genetic and ecological characteristics.
Comparative genomics analysis has been focused on the
ongoing evolution of the codon usage pattern of different
organisms (Gustafsson et al., 2004; Knight et al., 2001;
Santos ef al., 2004), the different synonymous codon
usage pattemns m different organisms 1s a barrier to
heterologous expression. Since, the viruses depend on
their host cell’s machinery for its replication, codon usage
bias could play an important role in host adaptation and
the virulence of the viruses. Compared with the range of
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Fig. 3. Graphical representation of the relationship
between the codon distribution of BVDV and the
overall codon usage pattern of the three livestock.
The two codons ATG and TGG that uniquely
encode Met and Trp, respectively have been
omitted. Two dimensions were 1dentified that
accounted for 72.36% (f°1 data) and 26.12% (f°2
data) of the total codon variability information,
respectively

susceptible animals of BVDV and BDV, CSFV infecting
only wild boars and domestic pig 1s an interesting genetic
phenomenon. From Fig. 1, the distinct evolutional feature
of the overall codon usage pattern of the three viruses
indicated that the different species of host can influence
the genetic characteristics of the corresponding virus.

This genetic characteristic may be supported by
adaptation of CSFV to its natural host (domestic pigs and
wild boars) and gives further evidence for host selection
pressures on CSFV to shaping the similarity of some
synonymous codon usage with its host to some degree.
Moreover, the genetic characteristic of the BVDV strain
ZM-95 15 distinctive with that of the rest stramns of BVDV
isolated from cattle suggesting that the overall codon
usage pattern of the same virus can be affected within the
environments of different susceptible animals.

From these results, the range of natural susceptible
animals might be part of the selection pressure changing
the codon usage of pestiviruses.
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Fig. 4. Graphical representation of the relationship
between the codon distribution of BDV and the
overall codon usage pattern of the three livestock.
The two codons ATG and TGG that uniquely
encode Met and Trp, respectively have been
omitted. Two dimensions were identified that
accounted for 66.29% ("1 data) and 29.35% ({°2
data) of the total codon variability information,
respectively

However, the codon distribution of the three
pestiviruses 1s generally consistent with the overall codon
usage pattern of the three livestock should net be ignored
since the genetic characteristic indicates that the three
viruses can replicate themselves m the hosts. Like
BVDY and BDV, CSFVs can replicate in experimentally
inoculated cattle (Loan and Storm, 1968) and caused
reproductive disease mn experimentally nfected goats
(Shimizu and Kumagai, 1989).

Moreover, comparing with a variety of cattle
syndromes caused by BVDV, natural infection syndromes
of domestic pigs has been subclinical mfection and
usually associated with a disease similar to mild
CSF (Liess and Moennig, 1990; Terpstra and
Wensvoort, 1998). These results indicate that the
relationship of the overall codon usage pattern between
the heterologous genes and the target host cells should
be analyzed to assess the translation rates of the
heterclogous genes in the target cells.

4002



J. Anim. Vet. Adv., 11 (21): 3999-4004, 2012

CONCLUSION

Generally, the genetic diversity of CSFV is different
with BVDV and BDV in the overall codon usage pattern,
implying the existence of difference in their evolutionary
and epidemiological dynamics. Since, the natural
susceptible animals to which CSFV can only infect is
domestic pigs and wild boars, the genetic diversity of
CSFV might be different from BVDV and BDV which have
a large range of susceptible ammals. Additionally,
non-convergent trend of the BVDV strain ZM-95 in the
overall codon usage pattern away from the rest of BVDV
strains isolated from cattle indicates that the selection
from distinctive susceptible animals is influencing on the
overall codon usage of BVDV. Hence, for the nucleotide
composition of pestiviruses, the overall codon usage
pattern and codon distribution reflected by the translation
selection from host are at least explained by the
equilibrium between mutation pressure and translation
selection.
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