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Zone IV (0.0-0.8m), dated modern, also shows
increased levels of these metals, indicating agam an
unstable period. The average concentration values of
these elements are 0.87%, 0.91% and 0.16%. This 1s
also supported -by the sharp decline of mangrove
vegetation. The unfavourable landscape condition may
have been caused by higher biotic activity (palynological
zone 1V). Large areas were cleared during 195560 {or
the construction of Paradip port. Its effect was noted by
Gupta and Yadav in the palynological analyses of the
sediments from Paradip Lake. The decreased percentage
of mangrove pollen can therefore be linked to the
higher erosion rate from poor vegetational cover.

The environment around Paradip, changed from
stable landform conditions around 450 years to
unstable landform conditions around 290 years to
present time on the basis of elemental variation and
mangrove vegetation.
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A preliminary analysis of plant viral genes was made using
all the available 85 viral sequences from GenEMBL
database, It is found that in plant viruses and their hosts,
amino acids with a high frequency of occurrence have a
simitar distribution of codons {codon usage profile} withia
their set of synonymous codons as indicated by the high
match coeflicient. However, the codon bias indices of the
plant viruses with respect to their hosts are low, indicating

that the preferred codons of the host are not used often in
the plant viruses,

CopoN usage in an organism has been thought of as one
of the strategies used for regulating gene expression',

Detailed analyses on the patterns of codon usage in
several organisms including bacteria, bacteriophage, yeast,
frutfly, mammalian viruses, man and plants have been
reported. However, no information is available till date
on the codon usage pattern of plant viral genes. Many
viruses capable of infecting a wide variety of plant species
are known. Of these, some viruses (e.g. barley yellow
mosaic virus) are known to nfect only one plant species:
while others {e.g. tobacco rattle virus) could infect more
than 400 species of plants®. As considerable molecular
information 1s available for the plant and the viral
genomes, a comparison of codon usage in genes of plants
and the plant viruses was made to see if the virus—host
relationship can be explained in terms of codon usage. It
has been e¢stablished that monocot and dicot plant genes
differ considerably in their codon usage®. Recently, Wada
et al.®* have shown that the codon usage pattern remains
unaltered even when codons from several genes (with
varying functions) of an organism are considered in
summation. Hence, patterns of the codon usage of
predominantly monocot inlfecting viruses (PMIVs) as a
group and predominantly dicot infecting viruses (PDIVs)
as another group were compared with those of the
monocot and dicot plants respectively.. From such an
analysis we have attempted to find out whether the codon
usage of plant viruses has any role in determining host
range,

The 85 plant viral génes included in the sample are
from the database GenEMBL (release 24.0). Coat protein
genes were primarily analysed here as they are known to
be highly expressed®’. The data for codon usage by dicot
and monocot plants were from Murray et al*.

Relevant sequences from GenEMBL were extracted
using the University of Wisconsin Genetics Computer
Group program (version 6.2). Codon usage tables were
compiled using the program CODONFREQUENCY
from the UWGCG package®. The program CODON was
developed by us to determine the choice of preferred
codons and analyse the correlation between the distn-
bution of codons among codon usage tables.

The codon bias index which determines the level of
usage of preferred codons in a gene has been defined
earlier®. In this study, the same definition of the codon
bias index is used. However, the selection of preferred
codons is not based on the percentage occurrence of
codons within a set of synonymous codons. The
significance of a percentage occurrence depends on the
number of synonymous codons. For example, 50%
occurrence for a codon is not significant when there are
only two synonymous codons but can be constdered
preferred if there are three of more synonymous codons in
the set. Hence, we have calculated the standard deviation
in percentage occurrence within the set of synonymous
codons for each ammo acid. Those codons in a
synonymous set whose percentage occurrence i1s above a
given cut-ofl himit tumes the standard deviation are flagged
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as ‘proferred’. These preferred codons of the plant, for
example, are used to determine if the codons of the plant
virus are biased towards the plant codon usage. The
singly occurring codons of Met and Trp, and the equally
distnbuted codons in a synonymous set are flagged as
preferred, since the standard deviation is zero in these
cases. The effect of flagging all the codons of an amino
acid as preferred is equivalent to mnot including its
contribution to the codon bias index. Test calculations
(data not shown) based on genes of the yeast
Saccharomyces cerevisize indicate that {i) the codon bias
indices obta'ned by this procedure are similar to those
calculated earlier® and (ii) increasing the cut-off limit for
flagzing the preferred codons does not reduce the
discrimination between highly and poorly expressed
proteins®. The best choice of the cut-off limit is onc where
the minimum number of codons is chosen as preferred
while no amino acid is left without at least one preterred
codon (Tabie 1)

[n order to compare two codon usage profiles, for each
amino acid a correlation coefficient 15 calculated using the
percentage occurrence of codons within the synonymous
set. The match coefficient for the entire set of amino acids
is then defined as the sum of the weighted correlation
coefficients. The weight for each amino acid is calculated
as the ratio of the total number of codons for that amino
acid to the total number of codons for all the amino acids
of the two tables. This is done 1o take into account the
differences in amino acid composition.

N
Thus, the match coefficient = };w, Cis

where N =all amino acids except Met, Trp,

w; = welghts

=t{::nt:al number of codons for ith amino acid
total number of codons

c;=correlation coefficient of synonymous codon
usage

)‘;[pj-ﬁi} (ff’ﬁ —q,)
= n, - 4 h, +
[E(Pp"l_?.]l] [E_(‘Iﬁ_ﬁ:)z]
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where p; is percentage occurrence of jih codon of ith
amino acid of one table, ¢; the percentage occurrence
of jth codon of ith amino acid of the other table, p,, g
are the mean and n, the number of codons of the ith
amino acid.

The match coeflicient as defined here can vary from -1
(for anticorrelated profiles) through 0 (for profiles without
correlation) to +1 (for identical profiles). A high-match
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Table 1. Percentage oucurrence of synonymeouws codons for plant

viruses and plants, Preferred codons are marked by (*). (The cut-

off hrmut 1n standard deviation units for flagging preferred codons
iS given tn parentheses)

Plants Plant viruses
MP PP PL  Amino PY PDIV PMIV
(2.0) 20 2%  acid Codon (3.5 (3 (3.9
21 12 I GLY oGG 18 18 15
17 38" 32 GLY OGA Ji* 32¢ 32+
18 4% 29" GLY OGT 3 32 W
43* 16 24* GLY GGC 20 200 23
75% 5T 57 GLU GAG 43* 4% 46*
25 49¢ 43* GLU GAA 5i* S7%  54%
27 58* 50* ASP GAT 57«  58* 49*
713* 42* 50* ASP GAC 43* 4% 51*%
36* 20* 1 VAL GTG 27 21 31
8§ 12 3 VAL GTA 16 16 18
19 39* 34 VAL GTT 34* 34+ 21*
37 24 24* VAL GTC 23 23 2
22" s 1! ALA GCG 14 13 19
16 25 22 ALA GCA 25 26 21*
24* 42¥ 37* ALA GCT 36* 3 3¢
38* 27* 30* ALA GCC 25 24 2%
26" 25* 25* ARG AGG 20 21* 18*
9 30* 24* ARG AGA Z8® 20%  20»
13 4 7 ARG GG 9 g it
4 B 7 ARG CGA 14 14 16*
i2 21* 18 ARG CGT i) 15 [3*
16" it [ £:1 ARG CGC 13 13 ig4*
g 14* 13" SER AGT 17% 17" 16*
26* 18* 20 SER AGC 13 13 14"
14* 6 8 SER TCG 10 9 8
1t 19* 17" SER TCA 19* 19* 149*
15¢ 25«  22* SER TCT 23 24+ ¢
25* 18*  20*  SER TCC 18 18* I8¢
Ro* 6l* 66* LYS AAG 48* 48  50*
14 39* 34* LYS AAA 52* 52¢  50*
25 45% 41* ASN AAT 55% 55* 52+
75* 55 50+ ASN AAC 45*  45* 43¢
11 18 16 ILE ATA 24 24* 19
24 45* 40* ILE ATT 41* 4t* 40*
Ha* 17* 44* ILE ATC 36* s 41*
20 8 11 THR ACG 14 13 18
14 27* 24 THR ACA R 0 23*
19 35 31> THR ACT 33« 33+ 34
46* 30* 4% THR ACC 25%  26% )i
30 44¥ 40* CYS TGT 55« 54 57+
70* 6% HO* CYS TGO 45*% 46  43*
25 45* 40+ PHE IT1 32¢ 52  H2*
T4% 45* 60" PHE TTC 45* 48% 48"
46* 41% 43+ GLN CAG A1 41 AW
54* 59* 57% GLN CAA 59* 59 5/
1) St 43* HIS CAT 50 S0+ S2¢
&7* 46* 52% HIS CAC 50* 50* 48"
23* G 13 PRO CCQG 14 4 Lo
34* 42 39¢ PRQ CCA 32* 32 0"
17+ 3t* 28" PRO CCT 30 3p* 28"
26* 18 20 PRO CCC 24% 28% 23

PL, ;lants; MP, monocot plants;
PDIV, predomunantly

VIruses,
PMIV, predominantly monocot infecting viruses.

dicol

"DP, dicot plants; PV, plant

infeching  viruses;

coeflicient indicates that amino acids with a higher
frequency of occurrence have a siriar distribution of

574 CURRENT SCIENCE, VOL, 63, NOS. 9& 10, 10 & 25 NOVEMBER 1391



- — "

RESEARCH COMMUNICATIONS

Table 2. Match coeflicients and codon bias indices of plant
viruses with respect to plants. (The cut-off limit in standard
deviation unuts for flagging preferred/codons is given in

parentheses.)
« Plant PV PD1Y PMIVY

Plants VITUSES (3.5) (3) (3.5)
PL M.C 0.4 0.43 0.50
(2.5) CB 0.23 0.23 0.24
DP MC 0.52 0.50 0.40

2) CB 0.25 0.26 0.15
MP MC ~-Q.15 ~0.16 045
{2) CB -0.03 —0.03 RY)|

MP, monocot plants; DP, dicot plants; PL, plants; PV, plant viruses;

PDIV, predorminantly dicot infecting viruses; PMIV, predominantly
monocot infecting viruses.

codons within their set of synonymous codons. The
match coefficient and codon bias index need not relate
to each other as can be seen from Table 2. This 1s
because the preferred codons among the sets of
synonymous codons being compared need not be the
same even when the distribution of codons is similar.
For example, the percentage occurrences for preferred
codons of the amino acid alanine are: 36% (GCT) for
plant viruses and 37%, 30% (GCT, GCC) for plants;
whereas the pattern of variations of percentage
occurrence of the four synonymotus codons follows a
similar pattern for both plant viruses and plants (Table 1).

Results of preliminary analysis based on codon bias
index and match coefficient are summanzed in Tables 1
and 2. Plant viruses differ from plants in their choice of
preferred codons as reflected by the consistently low
codon bias index. However, the codon usage profiles of
PDIVs and dicot plants are similar as seen from the
high values of the match coefficients. The codon usage
orofiles of PM1Vs, on the other hand, do not show any
distinction with respect to monocot or dicot plants.

Such a correlation of the codon usage profiles of the
plant viruses and their hosts suggests a possible
common mautational bias. Since infectivity of a virus
could be related to the levels of viral gene expression, it
would be necessary to experimentally determine
whether alteration of the viral codon bias leads to
changes in infectivity through variation in the levels of
viral gene expression. Our present analysis suggests that
the predominantly dicot infecting viruses might be
better candidates for such an experiment as they show a
greater similarity in codon profile to their hosts.
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