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REAP: An Integrated
Environment for the
Manipulation and
Phylogenetic Analysis of
Restriction Data

D. McElroy, P. Moran,
E. Bermingham, and |. Kornfield

Over the past decade, restriction enzyme
analysis has become a mainstay for pop-
ulation and evolutionary biologists inter-
ested in the phylogenetic relationships of
closely related taxa. Typically, one sets out
to survey restriction variation by maxi-
mizing either (1) the number of individ-
uals in the sample or (2) the number of
restriction enzymes employed, which re-
sults in a binary matrix of considerable
size. Several extremely powerful software
packages, such as PAUP (Swoflord 1985),
PHYLIP (Felsenstein 1988), and NTSYS
(Rohlf 1990), as well as any number of
more specific programs, exist for the clus-
tering of taxa via a diversity of algorithms;
however, generating appropriate input
files, each with program-specific format
characteristics, is often a labor-intensive
task.

The Restriction Enzyme Analysis Pack-
age (REAP) is designed to alleviate some
of the difficulties inherent in restriction
data manipulation, as well as to carry out
some common phenetic analyses. The user
creates a file of composite haplotypes and
a corresponding file of restriction enzyme
profiles; from this, REAP will generate a
binary matrix, remove uninformative char-
acters or Operational Taxonomic Units
(OTUs), and compute estimates of evo-
lutionary distance (d = SE) for site or frag-
ment data. In addition, there are programs
to estimate haplotype and nucleotide di-
versity within populations and nucleotide
divergence among populations, to assess
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geographic heterogeneity in haplotype
frequency distributions through Monte
Carlo simulation, and to estimate genetic
distance from DNA sequence data.

Each of the nine programs can run in-
dependently, as part of a batch process,
or as a module in the integrated environ-
ment. All programs, with the exception of
DA and MONTE (see below), can handle
an unlimited number of OTUs and a max-
imum of 30,000 characters per OTU.

1. GENERATE produces a binary char-
acter state matrix from two user-created
input files. A file of OTUs with their com-
posite haplotypes is compared to a file
containing the binary representation of re-
striction phenotypes produced by each
enzyme. In the output, restriction pheno-
type designations are replaced with the
appropriate binary code, thus generating
a rectangular character state matrix. GEN-
ERATE can be used to create valid PAUP,
PHYLIP, or D input files, supplying pro-
gram-specific format characteristics for
each.

2. REDUCE removes uninformative
characters (character state 0 for all OTUs)
from a binary matrix; optionally, mono-
morphic characters of state 1 and autapo-
morphic characters can also be eliminat-
ed. Because uninformative characters can
be easily removed from the matrix, the
user does not have to tailor the file of bi-
nary codes in order to eliminate OTUs dur-
ing analysis. REDUCE is designed to op-
erate on GENERATE-produced files, but it
will work on any discrete character data
matrix designed for PAUP, PHYLIP, or D.

3. GROUP identifies those OTUs in a bi-
nary matrix (or its composite haplotype
precursor) that have identical restriction
phenotypes and collapses them into a sin-
gle OTU. This feature simplifies the data
matrix and should increase processing
speed during clustering, as nodes of zero
branch length are eliminated. Any number

of different groups of haplotypes can be
created; members of each group (OTU
names) are retained in comment lines.
Again, this program will operate on any
valid PAUP, PHYLIP, or D binary file.

4. D computes a nucleotide substitution
matrix (d values) from site or fragment
data and presents the results in a form
suitable for phenetic clustering using
NTSYS. For a given pair of OTUs, a set of
d.values is estimated from the proportion
of shared characters in each class of re-
striction enzyme (rvalue = 4, 14/3, 5, 16/3,
or 6); an overall weighted estimate of dis
then generated. For site data, d, is com-
puted as per Nei and Tajima (1981) and
Nei and Miller (1990, eq. 4), which is suit-
able for d < 0.25 and agrees well with es-
timates obtained via the maximum likeli-
hood estimation (Nei and Miller 1990). In
the case of fragment data, d, is estimated
according to Nei and Li (1979) and Nei
(1987, eq. 5.55). Weighting of individual d,
follows Nei and Tajima (1983) and is based
on the proportion of characters generated
by each class of restriction enzyme.

5. DSE is designed to give a more de-
scriptive output for estimates of d from
either site or fragment data and provide
standard errors around dfor each pairwise
comparison. In addition, the average num-
ber of characters generated and nucleo-
tide positions surveyed per OTU by each
class of restriction enzyme are reported.
Standard errors for site data are computed
according to Nei and Tajima (1983) and
Nei (1987, egs. 5.41, 5.44, and 5.51). Stan-
dard errors for fragment data are difficult
to determine analytically, as the distri-
bution of d is highly skewed (Nei M, per-
sonal communication), although reliable
estimates can be achieved numerically via
the jacknife (Nei and Miller 1990). Nei and
Li (1979) provide no analytic solution for
determining standard errors around d for
fragment data; as such, the equation of
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Upholt (1977, eq. 6b) is used. Individual
SE, estimates for both site and fragment
data are weighted equivalently to d. The
output from DSE is strictly informational
and cannot be used as input for clustering.

6. DSIZE is a modification of D that re-
ports d, for a specified class of restriction
enzyme. We have noted that estimates of
d. from different enzyme classes may vary
significantly, so this program is provided
as a means of examining the data more
closely. Like D, the output file is suitable
without modification for NTSYS.

7. DA estimates haplotype and nucleo-
tide diversity within populations and com-
putes the nucleotide divergence among all
pairs of populations. The number of pop-
ulations is limited to 50; a maximum of 100
haplotypes per population is allowed.
Haplotype diversity is estimated accord-
ing to Nei (1987, eqs. 8.4, 8.5, and 8.12).
Nucleotide diversity and nucleotide di-
vergence are estimated according to Nei
and Tajima (1981) and Nei (1987, egs. 10.7,
10.19, 10.20, and 10.21). Output consists
of (1) a descriptive file of haplotype and
nucleotide diversity (+SEs) for all popu-
lations and (2) a second file of nucleotide
divergence among all pairs of populations.
The latter results are presented as a sym-
metric matrix suitable without modifica-
tion for clustering via NTSYS.

8. MONTE analyzes the extent of geo-
graphic heterogeneity among haplotype
frequency distributions through a Monte
Carlo simulation (Roff and Bentzen 1989).
This procedure is designed to minimize
the effect of large numbers of empty cells
on the validity of chi-square analysis. Up
to 50 populations and 200 classes of in-
dividuals per population are allowed; the
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total number of individuals in the sample
is limited to 5,000. The extent of hetero-
geneity in the original matrix is compared
to that estimated from repeated random-
izations of the data. The output file reports
(1) the probability (+SE) of generating by
chance alone a x? value which exceeds
that calculated from the original matrix,
and (2) average, minimum, and maximum
x2 values from the simulation, as well as a
cumulative frequency distribution of x?
values.

9. K computes estimates of evolution-
ary distance from nucleotide sequence data
using the two-parameter model of Kimura
(1980). For a given pair of OTUs, k (which
is equivalent to d) is estimated based on
the probabilities of transitions and trans-
versions at each homologous site. Missing
bases can be accounted for and are not
included in the calculations. Like D, the
output is suitable without modification for
NTSYS.

REAP was written in Turbo Pascal, Ver-
sion 5.0 (Borland International 1988) for
IBM compatibles. The programs should run
without modification on any DOS-based
machine. A numeric coprocessor is not re-
quired and will be emulated if it is not
present. MS-DOS Version 3.0 or greater al-
lows the most flexible use of the REAP
Integrated Environment Module. To ob-
tain a copy of this package, along with full
documentation and example files, send a
formatted diskette (5.25 or 3.5-inch) to D.
McElroy.
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