RCAI-CALC USER MANUAL
Introduction:

RCAI-CALC is a Microsoft Windows based application. The application outputs the Codon Adaptation
Index (CAI) (Sharp and Li 1987) and Relative Codon Adaptation (RCA) (Fox and Erill 2010) values for a given set
of Query Sequences. The indices are calculated using a reference set of highly expressed genes. The
application allows the user to select a file or paste the reference and query sequence sets and calculate the
CAI and RCA values.

Figure 1: Graphical User Interface for RCAI calc

Getting started:
RCAI-CALC provides a Graphical User Interface (GUI) to load the required sequence files (reference and
query sequence sets) or to paste these sequences and compute the values of CAI and RCA all the query set
sequences.

Main Operation files:
The application starts by loading the Reference Sequence and Query Sequence sets. The Reference Sequence
set is composed of genes presenting a very strong bias (major codon bias) due, presumably, to high
expression levels. This set is used to calculate codon frequencies and base frequencies for each codon
position. The Query Sequence set is the set of sequences for which the RCA and CAI indices will be computed.

Reference Sequence set:
This is a set of sequences with a strong bias (major codon bias) that is presumably due to high expression
levels. The user can select a reference sequence file or paste the reference sequences in the appropriate text
box. Reference sequences can be in two possible formats: FASTA and raw TEXT. In FASTA format each
sequence is preceded by an identification line beginning with ‘>’. Accepted extensions for FASTA files are:
FAS/FNA. In raw TEXT sequences must be separated with two consecutive newline characters. The accepted
extension for raw text files is TXT. The user can select the reference sequence file using the browse button or
paste the reference sequence in the Text box.

Query Sequence set:
This is a given set of sequences on which to calculate the CAI and RCA values. Query sequences can also be in
two possible formats: FASTA or raw TEXT. Again, the user can select the query sequence file using the browse
button or paste the query sequences in the appropriate text box.

Functionality:
Log options:
The log option determines whether the program should log results during operation. The default Log option is
yes for both Log Matrices and Log Verbose Output. If the log option is set, the program will generate the
following files:
 (Output_FileName)_VerboseOutput.csv
This file contains, for each sequence, the list of codons used to compute RCA and CAI, together with the
natural logarithm (ln) of their wi and RCAxyz values.
 (Output_FileName)_CodonFreq.csv
This file contains the codon frequencies derived from the reference set and the natural logarithm (ln) of
their wi and RCAxyz values.
 (Output_FileName)_BaseFreq.csv
This file contains the base frequencies for each codon position in the reference set.

“Compute” Button:
When the user clicks on the “Compute” button, RCAI-CALC will scan the reference set and calculate the
codon frequencies and base frequencies for each codon position. Sequences may contain IUB degenerate
codes for bases, and their frequency contributions will be weighted accordingly (see Main Operation below)
(Cornish‐Bowden 1985). After computing the reference set frequencies, RCAI-CALC will compute the
natural logarithm of the wi and RCAxyz values for each codon in the reference set. It then computes the RCA

and CAI values on each query sequence with respect to the reference set as an arithmetic mean. The results
will be displayed by RCAI-CALC in an emergent results window. They will also be saved to a .CSV (comma‐
separated value) file in the specified output folder. The CSV file can be imported directly into Ms‐Excel or any
other spreadsheet program for additional processing and analysis.

Display results:
After the computation of the indices is complete, RCAI-CALC will display the result in the Output window
(see figure below). The results window contains all the sequences in the query set and their RCA and CAI
values.

RCAI-CALC will save the results into a comma‐separated value (CSV) file (Output_FileName)_Output.csv
that can be opened directly with spreadsheet software such as Ms‐Excel. The output file is saved at the
output file path selected by the user.

Figure 2: Sample Output Window

Main operation:
CAI and RCA are effective measures of synonymous codon usage bias (Fox and Erill 2010). Codon usage bias
(CUB) is the departure from expected uniformity in the frequency of occurrence of synonymous codons in
genomic sequences (Ermolaeva 2001). This bias is due to the redundancy of the genetic code, which allows
differential use of synonymous codons, and the difference in availability of the different species of tRNA in a
cell, among other factors (Kurland 1991). The CUB has been shown to correlate well with gene expression in
prokaryotes. Several independent measures for estimating this bias have been devised over the years. Some
of these are estimate bias as the departure from expected codon usage uniformity. Other methods estimate
the bias as the divergence in codon usage from a reference group of genes. These reference genes are known
to present a strong bias (major codon bias), that is typically attributed to high expression values (Kurland
1991). The Codon Adaptation Index (CAI) and Relative Codon Adaptation (RCA) are two indices based on the
use of a reference set.
Codon Adaptation Index (CAI):
CAI uses the reference set in order to compute the codon bias for the given set of query sequences (Sharp and
Li 1987). The index is calculated using the frequencies of each codon and the largest frequency among
synonymous codons in the reference set. Thus, for any codon i and amino acid j, we define CAI as:

where fij is the frequency of codon i encoding amino acid j as observed in the reference set, max(fxj) the largest
frequency among the codons encoding amino acid j and L the length, in codons, of the given gene
sequence. The term wi is called the relative adaptiveness of codon i and the CAI is computed as the geometric
mean of the wi values for all codons in the query sequence.

Relative Codon Adaptation (RCA):
RCA is also used to calculate codon usage bias using the reference set (Fox and Erill 2010). The RCA is
calculated using the codon frequencies and codon base frequencies for each codon position in the reference
set. Again for any given codon xyz, we define RCA as:

where X(x,y,z) is the observed frequency of codon xyz in any particular reference gene set, Xn(m) the observed
frequency of base m at codon position n in the same reference set, and L the length in codons of the query
sequence. Like CAI, RCA is computed as the geometric mean of the RCAxyz term for each codon xyz in the given
sequence.
To overcome problems with real number overflow in computing CAI and RCA, the geometric mean of both
indices is transformed into an arithmetic mean by first computing the natural logarithm (ln) of the wi and
RCAxyz values for all the codons in the reference set. The query sequences are then scanned and the
arithmetic mean of these logarithmic values is computed. Finally, the total RCA or CAI average is restored to
linear scale by computing its exponential.

Considerations with regards to absent/stop codons and single codon amino acids
Note that if a certain codon is never used in the reference set then frequency of that codon will be zero
(Sharp and Li 1987; Xia 2007). This leads to the counter‐intuitive result of a RCA/CAI value of zero, regardless
of the deviation. Furthermore, while computing the natural logarithm of wi and RCAxyz this will result in an
infinite value. To overcome this problem RCAI-CALC adds a pseudo‐count of 1/N (where N is total number
of codons in the reference set) to all codon and base frequencies. Stop codons are ignored during
computation of CAI/RCA since it cannot be assumed that they are subject to the selective pressures that lead
to the observed patterns of codon usage for regular codons. In addition, the frequencies of ATG (Methionine)
and TGG (Tryptophan) are not taken into account either when computing CAI/RCA. This is because these are
single‐codon amino acids and, therefore, their w and RCAxyz terms are always fixed to 1.0 and do not provide
information on codon bias (Sharp and Li 1987). While calculating frequencies for each codon, degenerate base
codes (IUB‐IUPAC) are allowed. Frequencies for these degenerate base codes are computed based on their
degeneracy and the possible codons they might encode (Cornish‐Bowden 1985). For example:
AWGCCGGTAATTAAAGTACGTGAAAACGAGCCGTTCGACGTAGCTCT…
In the above sequence, codon AWG contains the IUB code “W” which has two possible bases “A” and “T”.
Therefore, 0.5 is added to the frequency of A and T in the second codon position and 0.5 is added to the
frequency count for “AAG” and 0.5 for “ATG”, the two possible codons encoded by the degenerate codon
AWG.

Results:
After computing the values of CAI and RCA, RCAI-CALC will save the results into a comma‐separated value
(CSV) file (Output_FileName)_Output.csv that can be opened directly with spreadsheet software such as Ms Excel.
The output file contains all the sequences from the query sequences and their respective CAI and RCA values.
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