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Quantification of genetic evolutionary dis-
tances in terms of number of nucleotide
substitutions per site between two homol-
ogous DNA sequences is fundamental in
the study of molecular evolution. Never-
theless, this quantification is not plain,
and many different statistical methods
have been developed to obtain the esti-
mate of the number of nucleotide substi-
tutions per site (K) in order to make cor-
rections for possible multiple hits at a site
in nucleotide sequences. Jukes & Cantor’s
method (J-C), also called the one-parame-
ter method, was the former and is the sim-
plest one, but it tends to give clear under-
estimates when there is no equal rate of
substitutions between any pair of nucleo-
tides (Jukes and Cantor 1969). Starting
from this point, a number of different
methods have been proposed to better es-
timate this K value according to data.
Furthermore, when analyzing coding
regions, it is useful to distinguish between
nonsynonymous and synonymous substi-
tutions (which cause amino acid and no
amino acid replacement, respectively).
One method for estimating the number of
synonymous (Ks) and nonsynonymous
(Ka) nucleotide substitutions per site is
Nei and Gojobori’'s (1986) unweighted
method (N-G), which computes the num-
ber of synonymous and nonsynonymous
nucleotide differences by comparing the
two sequences codon by codon. When the
two codons to be compared differ by two
or three nucleotides, this method gives
equal weight to the different possible evo-
lutionary pathways. On the other hand, to
compute the number of sites under anal-
ysis the method takes into account the
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fraction of changes at each position of
each codon that would be synonymous
and nonsynonymous under the assump-
tion of random nucleotide substitution.
The Ks and Ka values are proposed to be
obtained by using Jukes and Cantor’s
method to make corrections for multiple
hits at a site. Nevertheless, it seems of in-

. terest to apply the different proposed

methods in estimating the number of syn-
onymous and nonsynonymous nucleotide
substitutions per site.
~ Here, I present a program (DIVERGEN)
for estimating the overall K value, or the
Ks and Ka values under the Nei-Gojobori
unweighted approach, which gives the dif-
ferent estimates obtained by applying sev-
eral methods for correcting for multiple
hits. The 13 methods applied to the cal-
culation of the number of nucleotide sub-
stitutions per site are as follows: (1) Jukes
and Cantor's one-parameter method; (2-4)
Kimura's two-, three-, and six-parameter
methods; (5) Takahata and Kimura's four-
parameter method; (6) Tajima and Nei's
four-parameter method; (7) Gojobori, Ishii,
and Nei's six-parameter method; (8-10)
Hasegawa et al.’s, Bulmer's and Tamura’s
extensions of Kimura's two-parameter
method: and (11-13) Tajima's algorithms
applied to Jukes and Cantor's, Kimura's
two-parameter, and Tajima and Nei's meth-
ods (Bulmer 1991; Gojobori et al. 1982; Ha-
segawa et al. 1985; Kimura 1980, 1981:
Tajima 1993; Tajima and Nei 1984; Taka-
hata and Kimura 1981; Tamura 1992).
Since this program allows the use of dif-
ferent correction methods, other than the
Jukes and Cantor method, it can be useful
for choosing more suitable methods, or
just the favorite, for single analysis and for
comparison tables comprising a wide
range of values by using the same method.
At the same time, this program could be

used as a tool to test the goodness-of-fit.

of the different methods (by comparing
their estimates with expected values).
This program also allows a sliding win-

dow analysis of any given region and
when a complete sequence is under anal
ysis, a region subdivision giving the K:
and Ka values for coding regions and the
K values for noncoding regions. The pro
gram calculates the frequency of the fou
nucleotides both for the overall analysi:
and within the synonymous and nonsy
nonymous sites. Moreover, the progran
shows the number and frequency of syn
onymous and nonsynonymous sites undel
analysis.

Other features of the program include
(a) the input format is an ASCII file witk
LWL9I1 format, with or without spaces be
tween triplets; (b) there is no limit to the
number of sequences to be compared to
each other; and (c) there is a maximum
length of 9,999 nucleotides for each se-
quence. When analyzing coding regions
under the Nei and Gojobori approach, in
order to obtain Ks and Ka values, there are
two more features: (1) evolutionary path-
ways with intermediate Stop codons are
skipped in the multiple pathways analysis,
and (2) codons with one or more uncer-
tainties (**” or “N™) are not evaluated.
Two examples are supplied with the pro-
gram, both with the input and output data
files. These examples display the different
input formats and the two kinds of possi-
ble analysis.

The program has been written in
QuickBASIC V4.50 (Microsoft), and can be
run on any IBM-PC compatible computer.
The program and sample files are avail-
able from the author by sending a 3.5-inch
nonformatted diskette or from the EMBL
software data library. Alternatively, DI-
VERGEN will be supplied on a disk with
the submission of $5.00 (U.S.).
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