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Abstract: The results of analysis of context-dependent codon bias designed to identify the relationship
between codon bias model for the context surrounding the cleavage site and the model for the corresponding
cleavage site, applied to genome data form 66 isolates of Foot and Mouth Disease Virus (FMDV) representing
all seven serotypes were reported. The cleavage sites i the polyprotein were identified from all parts of the
FMDYV genome and the sunilarity of Codon Bias Model for regions flanking the cleavage sites was estimated.
Although, the two amino acid residues which was comprised of the cleavage site were not conserved, one
residue always tended to be conserved, suggesting that the conserved residue was essential for the cleavage
process. In addition, although the similarity of Codon Bias Model for some positions in the most target contexts
was ensured, the scale of similarity of Codon Bias Model was larger in the regions flanking the 2A/2B, 2C/3A,
3A/3B, 3B/3C and 3C/3D sites than that of the rest. Furthermore, correlation analysis between the Codon Bias
Model for each position in the target context surrounding the cleavage site and that of the corresponding site
was performed it was concluded that the sigmificant relationship existed m the VP4/VP2, 2A/2B, 2B/2C and
3A/3B sites, respectively. The mteresting phenomena probably suggested that context-dependent codon bias
surrounding some cleavage sites was existence in FMDV and the Codon Bias Model for these regions played
potential roles in shaping specific characteristics of these corresponding sites at the level of transcription or
translation.
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INTRODUCTION

Foot and Mouth Disease Virus (FMDV) which
contains one single-stranded positive-sense RNA in
1cosahedral particles without envelop was classified as a
of the family
Picornaviridae. The virus existed in the form of seven
different serotypes: O, A, C, Asia 1, South African
Territories 1 (SAT 1), SAT 2 and SAT 3 but many
subtypes had evolved within each serotype. This virus
possessed the single stranded positive-sense RNA
genome which was used as an mRNA and encodes a viral

mumber of the Aphthovirus genus

polyprotein. This polyprotein was observed neither in
infected cells nor translation reactions in vitro because of
the primary cleavage. The polyprotein of the primary
cleavages was mediated by the vius encoded two
proteinases (L™ and 3C™) and a short oligopeptide
sequence (2A). For LM it cleaved the cleavage site
between LM and VP4 to create it’s own C-terminus

(Cao et al., 1995, Medina ef al., 1993). For 3C°, it cleaved
the 2C/3A site (Bablaman and Grubman, 1993, Clarke and
Sangar, 1988; Vakharia ef af., 1987). For 2A it performed
the primary cleavage between it’s own C-terminus and N-
terminus of protein 2B by a translational mechanism rather
than proteolytic (Vakharia et al., 1987, Donnelly et al.,
1997; Ryan et al, 1991). For the 5' and 3' untranslated
region (5' and 3' UTR) of FMDYV they played an important
role mn the mfectivity and viral RWNA replication. And
Lopez de Quinto et al. (2002) found that the FMDV 3TJTR
sequence could stimulate the activity of the Internal
Ribosome Entry Site (IRES) and suggested that individual
signals m the 3'UTR carry out stunulation of FMDV
translation (Lopez de Quinto et «l, 2002). This
interesting result probably indicated that for FMDV RNA
genome a potential interaction of intragenic region
influenced translation levels of FMDV various products.
However, the biological functions of the viral products
were mainly focused by many reports (Grubman and Baxt,
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2004; Grubman et al., 2008; Joern, 2009). During the
analysis of evolution of FMDYV genome, recombinatiorn,
host range and infectivity were mainly focused by some
reports (Carrillo et al, 2005, Cooke and Westover,
2008; Jackson et al, 2007; Lewis-Rogers et al, 2008;
Zhouet al., 2011, 2010a, b).

It was well known that FMDV genome was far from
static and possessed an ability to avoid extinction by
mutation (Pariente ef ai., 2003). It was astorushed that the
great variety of FMDYV genome never impaired this virus
biology. Carrillo et al. (2005) indicated that 58% of the
amino aicds encoded by FMDYV genomes were invariant
and these residues had a strong correlation with
biological function of virus (Carrillo et al., 2005). There
were some active evidences that indicated:

¢ A short 2A peptide along with the N-terminal praline
of 2B protein possessed a property of cleavage of the
products  flanking this region (Ryan et al., 1991,
Ryan and Drew, 1994) and influenced the amount of
products flanking 2A region (Donnelly et al., 2011)

¢ The 3" and 3' UTRs flanking Open Reading Frame
(ORF) regulated the translational
(Lopez de Quinto ef al., 2002)

¢« A mechanism about the alternative two AUGs in
FMDV ORF might be mediated by the context flanked
by the two AUGs (Belsham, 1992; Zhou et al., 2010b)

efficiency

Tt was true that coding regions coding for mature
products existed without overlapping region in FMDV
ORF. Did upstream coding sequence affect downstream
one at the translation efficiency? However, there were
little relationship between
synonymous codon usage pattern and amino acid
encoded by FMDV RNA sequences. It needed to analyze
whether this phenomenon was strongly correlated with
Codon Usage Bias (CTUUB) or not. Tt had also been reported
that synonymous codons were not chosen equally and

information about the

randomly in genomes or between genomes (Lloyd and
Sharp, 1992). There had been many interest in the
evolution of codon usage swrrounding initiation and
termination codons, the base composition, codon
usage pattern and amino acids usage exlibited
significant deviations from a random distribution
this was accentuated 1n highly expressed genes
(Alff-Steinberger and Epstein, 1994; Brown et al., 1993,
1994; Miyasaka, 1999; Ohno et al., 2001; Sharp and
Bulmer, 1988). Hooper and Berg (2000) found that
synonymous codon usage variation varied at different
site along a coding sequence.

Tn this study, researchers focused on the similarity of
Codon Bias Model for the target region flanking the
cleavage site in FMDV ORF and evaluated the correlation
between the scale of Codon Bias Model for the context
surrounding the cleavage sites in FMDV ORF and that of
the corresponding cleavage site, depending on the
Relative Synonymous Codon Usage (RSCU) and CUB
value.

MATERIALS AND METHODS

Sequence data and analysis: The 66 complete RNA
sequences of FMDV were downloaded from the
National Center for Biotechnology Information (NCBI)
(http:/Arww.ncbi.nlm.nih.gov/Genbank/) including Asia
1,n=10sequences;, A,n=17,C,n=7,0,n=19; SAT 1,
n=235; SAT 2, n=4; SAT 3, n= 4 listed in supplementary
Table 1. In order to ensure the cleavage sites in the
polyprotein of FMDV, multiple sequence alignments were
performed with the Clustal W (1.7) Method of DN Astar
Software (7.0) for Windows with the mmor manual editing.

The calculation of the relative synonymous codon usage:
To mvestigate the characteristics of synonymous codon
usage without the confounding mfluence of amino acid
composition among different sequences, the Relative
Synonymous Codon Usage (RSCU) values among
different codons in the ORF of each strain was calculated.
The RSCTU value of the ith codon for the jth amino acid
was calculated as earlier described (Sharp et al., 1986).
RSCT:

RSCU = 20,

Zgu‘
]

where, g;; 1s the observed number of the ith codon for jth
ammo acid which has n type of the synonymous codons.
The codons with RSCU values 1.0 have positive CUB
while the values <1.0 have relative negative CTUB. When
RSCU value is equal to 1.0 it means that this codon is
chosen equally and randomly.

Calculation of codon usage bias: To calculate CUB,
researchers provided that statistically equal and random
usage of all available synonymous codons was the
neutral pomt (RSCUOQ = 1.00) for the development of
serotypes-specific codon usage (Zhou ef al., 2010a, b)
CUB:

n

Y (RSCU, ~RSCU )
CUB =4

n
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Table 1: Genomes examined, serotype, isolate and accession numbers

Sequence numbers Serotype Tsolate / Country (year) Accession No.
1 FMDV-Asia 1 Cell culture/India AY304994
2 FMDV-Asia 1 IND139-02 (cattle)India (2002) D(Q989322
3 FMDV-Asia 1 IND 491/97, WBN117/85/India (1985) AY687334
4 FMDV-Asia 1 IND 321/01/India (2001) AYG687333
5 FMDV-Asia 1 Asial WHN/CHA/06{Pig)/China (2006) FI906802
6 FMDV-Asia 1 Aisal/Vietnam/QuangTri/2007/VietNam (2007) GQ452205
7 FMDV-Asia 1 Aisal/HNK/CHA/05/China:Hong Kong (2005) EF149010
8 FMDV-Asia 1 Asia 1 Leb83 is028/Lebanon (1983) AY593800
9 FMDV-Asia 1 Agia 1-2isr13-63 iso6/Tsrael (1963) AY393796
10 FMDV-Asia 1 Asgia 1-1pak iso3/Pakistan (1954) AYS593795
11 FMDV-A Epithelium (cattle)/Pakistan (2006) EF494487
12 FMDV-A AIRN2005_WRL(cattle)/Turkey (2005) EF494486
13 FMDV-A Aloholland iso82/MNetherlands (1942) AYS593751
14 FMDV-A Acanefa isod8/Argentina (1961) AY393789
15 FMDV-A A24 argentina iso% Argentina (1965) AY393767
16 FMDV-A A26arg isoT4/Argentina (1966) AYS593770
17 FMDV-A A argentina 2000 isol 04/ Argentina AY3593782
18 FMDV-A Abage iso63/Brazil (1977) AYS93787
19 FMDV-A A brazil iso67/Brazil (1958) AY593788
20 FMDV-A A venceslau iso7(/Brazil (1979) AY593803
21 FMDV-A A 13brazil is075/Brazil (1958) AYS93753
22 FMDV-A A 16belem iso80/Brazil (1959) AYS593756
23 FMDV-A A 17 Aguarulbos iso83/ Brazil (1967) AYS593757
24 FMDV-A A 24cruzeiro iso71/Brazil (1955) AYS593768
25 FMDV-A A sabana iso68/Colombia (1985) AY393794
26 FMDV-A A 27columbia iso78/Colombia (1967) AY393771
27 FMDV-A A 18zulia iso40/Venezuela (1967) AY593758
28 FMDV-C Cell culture/Spain FJ824812
29 FMDV-C Cell cultire/Spain AMAOS325
30 FMDV-C Cell cultire/Spain DQ409191
31 FMDV-C C Sarg iso50/Argentina (1969) AY593809
32 FMDV-C C wald is032/United Kingdom (1970) AY593810
33 FMDV-C C lober iso88/Germany (1960) AYS93805
34 FMDV-C C 3ind isol 9/Brazil (1971) AYS593806
35 FMDV-0 Infected premise number 1378 (sheep)/United Kingdom (2001) EF552697
36 FMDV-0 Vesicle from cloven-hoofed animal/China (2001) EU400597
37 FMDV-0 UAE 7/99/United Arab Emirates EU140964
38 FMDV-0 Chu-Pei/China: Taiwan AF026168
39 FMDV-0 Swine/China: Taiwan (1997) NC_004004
40 FMDV-0 SKR/2000/South Korea (2000) AJ539139
41 FMDV-0O 0 1campos9d iso94/Argentina AY593819
42 FMDV-0 O taiwan97 1s0106/112/China: Taiwan AY593835
43 FMDV-0 0 Pengh/China: Taiwan (1999) AYS593833
44 FMDV-0 Cattle epithelial blister/China (1958) AF511039
45 FMDV-0 WFL/China EF175732
46 FMDV-0 L.z/China D()248888
47 FMDV-0 OlCampos/Brazil (1958) AJ320488
48 FMDV-0 FRA/1/2001 (bovine)/France (2001) Ala33821
49 FMDV-0 O/SKR/2002 (pig)/S outh Korea AHO012984
50 FMDV-0 Cattle/Japan (2000) ABO79061
51 FMDV-0 01 Geshure/Israel AF189157
52 FMDV-0 HEKN/2002/China AY317098
53 FMDV-0O O/SKR/2000/(cattle)/'South Korea AHO012985
54 FMDV-SAT 1 SATI1-1bech iso30 Baotswana (1970) AYS593838
55 FMDV-SAT 1 SAT1-3swa isol4/Namibia (1949) AYS593840
56 FMDV-SAT 1 SAT1-4srhod iso24/Zimbabwe (1958) AY593841
57 FMDV-SAT 1 SATI1-55a is013/South Africa (1961) AYS593842
58 FMDV-SAT 1 SATI1-65wa isol 6/Narnibia (1940) AYS593843
59 FMDV-SAT 2 ZIM/7/83 (bovine)/Botswana (1983) AF540010
60 FMDV-SAT 2 SAT2-1rhod iso26/Zimbabwe (1948) AYS593847
61 FMDV-SAT 2 SAT2-2 iso25Amknown (1967) AYS593848
62 FMDV-SAT 2 SAT2-3kenya-21/Kemnya (1960) AYS593849
63 FMDV-SAT 3 SAT3-2sa is027/South Africa (1959) AYS593850
64 FMDV-SAT 3 SAT3-3bech iso2%Botswana (1961) AY593851
65 FMDV-SAT 3 SAT3-3kenya iso22/Kenya (1960) AYS593852
66 FMDV-SAT 3 SAT3-4bech iso23/Botswana (1965) AYS593853
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More simply, CUB is the average value of difference
between RSCU,; and RSCU, at each position of the target
context. RSCU, means that the value of one synenymous
codon usage corresponding to a particular amino acid at
one position of the context surrounding the cleavage site
i FMDV ORF; n represents all codons appearing in this
position. When all RSCU values according to a particular
position in the target context are RSCU,, CUB is equal to
zero. Tt means that there are few preferential or non-
preferential codons existing at this position. In contrast,
when CUB value is much more deviation than RSCU,,
codons with CUB are preferentially chosen at a particular
position.

Correlation analysis: In order to evaluate the context-
dependent codon usage bias for the cleavage sites in
FMDV polyprotein, researchers analyzed the relationship
between Codon Bias Model for each position m the
target regions flanking the cleavage site and the model for
the corresponding cleavage site. The correlation analysis
was carried out by using the multianalysis software SPSS
Version 11.5 for Windows.

RESULTS AND DISCUSSION

Calculation of relative synonymous codon usage: The
optimal codons among all ORFs were all G-ended codons
or C-ended ones and the latter was more popular.
However, the minor codons were all A-ended, U-ended,
G-ended or C-ended ones. Among minor codorns, majority
of the codons were U-ended A-ended codons (Table 1).
The date also confirmed previous observations that GC-
rich synonymous codons were more frequently chosen in
GC-rich organisms, in contrast, AT-rich synonymous
codons were more appeared m AT-rich organisms
(Andersson and Sharp, 1996, Pan et al, 1998;
Sau et al., 2006). This indicated that synonymous codon
usage pattern was not a random synonymous codon
variation under the composition pressure. But for amino
acids Ala and Gly, the optimal and minor codons were
GCC and GCG, GGC and GGG, respectively (Table 2).
Because the two amino acids simultaneously contained
optimal and mimor codons which had strong binding
energy to corresponding tRNAs. Tt likely implied that the
synonymous codon usage pattern was shaped by a
complex mechamism, rather than the more abundant
charged tRINAs.

Location of the cleavage sites in FMDV ORF: In
comparison with the context surrounding the cleavage
sites, the primary L™/VP4 cleavage occurred at K/G pair

Table 2: Synomymous codon usage and codon usage bias in FMDV

AA® Codon RSCU AA® Codon RSCUP
Ala GCA 1.000 Leu CUA 0.192
GCC 1.478 cuc 1.945
GCG 0.614 CuG 1.617
GCU 0.908 cuu 1.118
Arg AGA 1.519 UUA 0.058
AGG 0.837 uuG 1.071
CGA 0321 Lys AAA 0843
CGC 1.669 AAG 1.157
CGG 0.743 Phe uuc 1.209
CcGuU 0.900 juiu]e) 0.791
Asn AAC 1.727 Pro CCA 0.800
AAU 0.273 CCC 1.266
Asp GAC 1.538 CCG 0.854
GAU 0.462 CcCuU 1.080
Cys uGC 1.106 Ser AGC 1.105
UGl 0804 AGU 0,682
Gln CAA 0.820 UCA 0.991
CAG 1.180 ucc 1.574
Glu GAA 0.690 ucaG 0.906
GAG 1.310 ucu 0.742
Gly GGA 1.003 Thr ACA 0.870
GGC 1.200 ACC 1.611
GGG 0.839 ACG 0.608
GGU 0.958 ACU 0.911
His CAC 1.795 Tyr UAC 1.730
CAU 0.205 UAU 0.270
Tle AUA 0.201 Val GUA 0.270
AUC 1.725 GUC 1.153
AUU 1.074 GUG 1.661
GUU 0.917

*AA is the Amino Acid. "RSCU value is a mean value of each codon for a
particular armnino aicd. The optimal codons for each amino acid are described
in bold. The minor codons for each amino acid are remarked with underline

or R/G pair; VP4/VP2 cleavage occurred at a conserved
A/ pair, VP2/VP3 cleavage occurred at E/G pair or Q/G
pair; VP3/VP1 cleavage occurred at Q/T pair or E/T paur;
VP1/2A cleavage occurred at a wide range of pairs: /L
pair, Q/V pair, Q/M pair, Q/T pair; the primary 2A/2B
cleavage occurred at a comserved G/P pair, 2B/2C
cleavage occurred at a conserved Q/L pair, 2C/3A
cleavage occurred at Q/I pair or L/I pair; 3A/3B cleavage
occurred at E/G pair, B/Y pair; the primary 3B/3C
cleavage occurred at a wide range of pairs: E/S, B/G, E/T;
3C*"/3D cleavage occurred at comserved E/G  pair.
Although, the two amino acid residues which was
comprised of the cleavage site were not conserved to
some degree, one residue always was a conserved motif
for all cleavage sites.

The similarity of Codon Bias Model for the regions
flanking the cleavage site: The bars of all positions in the
target context reflected the CUB values and the two
positions (N = 10 and N = 11) represented the cleavage
site (Fig. 1-11). Although, the CUB values of the
corresponding  position were variable in all examined
contexts, the sirmlarity of the Codon Bias Model for some
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Fig. 1: The Codon Bias Model for each position in the
context surrounding the cleavage site (IL*°/VP4) (a:
Asial L-VP4, b: AL-VP4;, ¢: CL-VP4, d: O L-VP4;
e: SAT 1 L-VP4;f SAT 2L-VP4,g: SAT 3 L-VP4)

contexts were ensured to some degree (Fig. 1-11). In detail
as for the L7/VP4 site, the similarity of Codon Bias Model
for the corresponding position (N = 9) was observed
among all serotypes (Fig. 1) as for the VP4/VP2 site, the
Codon Bias Model (N = &, 9, 19, 20) was similar,
respectively (Fig. 2); for the VP2/VP3 site, the Codon Bias
Model (N =1, 2 and 19) was similar respectively (Fig. 3);
for the VP1/2A site, the Codon Bias Model (N =5,13,15
and 16) was similar, respectively (Fig. 5); for the 2A/2B
site, CodonBias model (N =6,7,8,9,10,11,12,13, 14,16
and 20) was sunilar, respectively (Fig. 6), for the 2B/2C
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Fig. 2: The Codon Bias Model for each position in the
context surrounding the cleavage site (VP4/VP2)
(a: Asial VP4-VP2; b: A VP4-VP2; ¢: CVP4-VP2;
d: O VP4-VP2; e SAT 1 VP4-VPZ, £ SAT 2
VP4-VP2; g SAT 3 VP4-VP2)

site, the Codon Bias Model N =4, 5,10, 11 and 15) was
similar, respectively (Fig. 7); for the 2C/3A site, the Codon
Bias Model (N =2,5,6,9,10,11,14,15,1619 and 20) was
similar, respectively (Fig. 8); for the 3A/3B site, the Codon
Bias Model (N =1, 8,9, 10,12, 13 and 18) was similar
respectively (Fig. 9); for the 3B/3C site, the Codon Bias
Model N=1,2,8,9,15,16,17,18, 19 and 20) was similar
respectively (Fig. 10); for the 3C/3D site, the Codon Bias
Model (N =2,3,4,5,8,10,11, 15,16, 17, 18) was siumilar,
respectively (Fig. 11), however, for the VP3/VP1 site, no
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Fig. 3: The Codon Bias Model for each position in the
context swrounding the cleavage site (VP2/VP3)
(a: Asial VP2-VP3; b: A VP2-VP3; ¢: CVP2-VP3,
d: O VP2-VP3; e SAT 1 VP2-VP3; [0 SAT 2
VP2-VP3; g: SAT 3 VP2-VP3)

similarity of Codon Bias Model for the target region was
observed (Fig. 4). Compared with the scale of the similar
Codon Bias Models for the regions surrounding the
L*VP4, VP4/VP2, VP2/VP3 and VP3/VPI1 sties, the scale
of the similar Codon Bias Model for the regions flanking
the rest cleavage sites was large. The result suggested
that the degree of invariant amino acids play a role in the
similarity of Codon Bias Model to some extent. Tt was
noticed that the similarity of Codon Bias Model for the
corresponding  position surrounding the cleavage site
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Fig. 4: The Codon Bias Model for each position in the
context surrounding the cleavage site (VP3/VP1)
(a: Asial VP3-VP1;b: A VP3-VP1;c: CVP3-VPI,
d: OVP3-VP1; e SAT 1 VP3-VP1; i SAT 2
VP3-VP1; g SAT 3 VP3-VP1)

likely was shaped by the Codon Bias Model for the two
amino acid residues which consisted of the cleavage site.

The context-dependent codon usage bias for the cleavage
site: The relationship between the Codon Bias Model for
each position and the corresponding postion surrounding
the cleavage site was analyzed and r value was shown in
Table 1. Although, correlation between the Codon Bias
Model for position m the target region flanking the
cleavage site and the corresponding cleavage site among
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all serotypes of FMDV was observed in present study,
the phenomena of the context-dependent codon usage
bias for the VP4/VP2, 2A/2B, 2B/2C and 3A/3B sites were
ensured (Table 1).

In the study, the examined cleavage sites in the
polyprotein 1s ensured and indicated that although these
cleavage sites possess different range of amino acid pairs,
one residue 1s always conserved. These observations may
reinforce the previous views that FMDV 3C™ can cleave
all cleavage sites excluding the LP®/VP4 and 2A/2B
because 3C*° needs a conserved motif served as a signal
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to cleave the cleavage site accurately. It is accepted that
the genome of bacterial carries larger mformation to
regulate the transcription and translation of the
corresponding gene than that of the most viruses
thus whether the function of influencing the translation/
translation efficiency is compressed in the brief genome
of virus by the Codon Bias Model. For many reports on
FMDYV there 1s little mformation about the Codon Bias
Model for the context surrounding the cleavage sites.
There 15 general agreement that although 58% of the
amino acids encoded by FMDV ORF are invariant but
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variety of synonymous or non-synonymous codon usage
is observed (Carrillo et al., 2005). Although, there are the
conserved residues surrounding the cleavage sites to
some degree, researchers find that the similarity of
Codon Bias Model for the target context is formed without
associated with the conserved residues surrounding the
cleavage site, suggesting that the Codon Bias Model
likely affect the translation efficiency while the Codon
Bias Model for residues close to the cleavage site may
influence the cleavage process.

It 15 known that synonymous codon usage causes
different translational rates and negative CUB for codons
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Fig. 8 The Codon Bias Model for each position i the
context surrounding the cleavage site (2C/3A)
(a: Asial2C-3A; b A2C-3A; ¢ C2C-3Ad O 2C-
3A e SAT12C-3A, 1 SAT 22C-3A;g: SAT 32C-
3A)

(rarely used codons) at some critical sequences can affect
translation efficiency to regulate gene expression
(Zhou et al, 2011, 2010a, b, Chen and Inouye, 1990,
Varenne et al., 1984). In this study, researchers find that
the Codon Bias Model for the most, not all, cleavage sites
which are processed by LP° or 3C* does not have
correlation with the model for its flanking regions. This
result likely suggests that the contexts surrounding these
cleavage sites are not associated with influencing the
cleavage process. It 1s interesting that the VP4/VP2,
2A2B, 2B2C and 3A/3B sites have a common
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characteristic of cooperative effects by Codon Bias Model
corresponding to the sites and its flanking regions on the
cleavage sites. For the relationship between context-
dependent codon bias and the VP4/VP2 site there are
Codon Bias Model for six continuous positions
downstreamn of the cleavage site associating with the
model for the site. The process of cleavage of the
VP4A/VP2 site plays a key role in the transition of the
provirion to the mature viron but the mechanism 1s
completely unknown, except self-cleavage (Arnold et al,
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Fig. 10: The Codon Bias Model for each position in the
context surrounding the cleavage site (3B/3C°7)
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3B-3C;e: SAT13B-3C, f SAT23B-3C;g: SAT 3
3B-3C)

1987, Cumry et al, 1995, 1997, Harber ef al, 1991,
Lee et al., 1993). Some maturation of the VP4/VP2 site did
not enhance the degree of intermediate stability to some
degree. The Codon Bias Model for the serial positions
probably contributes on this mntermediate m possessing
non-stability. For the relationship between context-
dependent codon bias and that of the 2A/2B site there is
the Codon Bias Model for four continuous positions
upstream flanking this site associating with the model for
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the site. It 13 accepted that proteolytic event does not take
place at the 2A/2B site, the cleavage event is performed
based on the translational machinery by the 2A peptide
which allows the release of the protem-2A from the
ribosome while permiting the synthesis of the
downstream proteins to proceed (Donnelly et al., 2001). Tt
is no doubt that the conserved pair (G/P) for the 2A/2B
site plays partially a role in this cleavage site due to many
G/P pairs existing in FMDYV. This unplies that the context

surrounding this specific G/P residue probably mediates
the cleavage case. In this study, the context-dependent
codon bias for the region downstream flanking the 2A/2B
site 1s not observed while the Codon Bias Model for four
positions upstream of this site has a significant
correlation with the conserved residues. For the
relationship between context-dependent codon bias and
the 2B/2C, 3A/3B sites, the characteristic probably imply
that the Codon Bias Model mediates the translation
efficiency to regulate the polypeptide elongation. For
FMDV its product (1F°) can ruin elF4G arising from shut-
off of host cap-dependent mRNA translation for host cell.
In this situation, the amount of all kinds of tRNA was
possibly excessive to translate FMDYV proteins. So the
Codon Bias Model for the specific region in FMDV ORF
likely mediates gene transcription or expression to some
degree. Tt is generally accepted opinion that codon bias
model could regulate the expression levels of individual
genes by modulating the rates of polypeptide elongation
(Zhou et al., 201 Ob; Miyasaka, 1999, Ohno et af., 2001;
Bonekamp et af, 1985, Chavancy and Garel, 1981;
Gouy and Gautier, 1982, Kudla et al, 2009;
Robinson et al., 1984; Sorensen et al., 1989) although,
the Codon Bias Model mfluencing the translation
efficiency for the initiation process is mainly analyzed.
Sorensen et al. (1989) reported that optimal codons with
positive CUB could enhance gene expression efficiency
compared to the rarely used codons with negative
CUB (Sorensen et al., 1989). Tt is noticed that due to the
limit for virus genome size, virus probably compresses
rich genetic information into the limited genome during
evolution. The translational regulation is not only
controlled under the 5" and 3' non-translational region but
also influenced by some regions or sites in the coding
sequence probably.

CONCLUSION

Given the results of the present study and the earlier
reported experimental findings as well, the occurrence of
context-dependent codon bias for the VP2/VP4 and 2A/2B
sites obviously has a dramatic positive effect on the
cleavage process. The reason for the context-dependent
codon bias for 2B/2C and 3A/3B and few reported
experimental finding is not clear; more detailed
experimental approaches are required m the future.
However, there is a significant correlation between the
Codon Bias Model and a series of positions surrounding
these cleavage sites suggesting that Codon Bias Model
might cumulatively affect the translation probably causing
a selectively detectable change in fitness in the process
of evolution although, the contribution of each position
might be slight.
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