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BIOSYS-1: a FORTRAN
program for the comprehensive
analysis of electrophoretic data
in population genetics and
systematics

David L. Swofford and

Richard B. Selander

ABsTRAr: BIOSYS-1 is a FORTRAN IV program de-
signed to aid biochemical population geneticists and
systematists in the analysis of electrophoretically de-
tectable alletic variation. It can be used to compute allele
frequencies and genetic variability measures, to test for
deviation of genotype frequencies from Hardy-Weinberg
expectations, to calculate F-statistics, to perform het-
erogeneity chi-square analysis, to calculate a variety of
similarity and distance coefficients, and to construct
dendrograms using cluster analysis and Wagner pro-
cedures. The program, documentation, and test data are
available from the authors.

RECENT YEARS have witnessed an explosion
in the use of electrophoretic techniques to
assess levels of variability and genetic rela-

The authors are, respectively. graduate student
and professor in the Department of Genetics and
Development al the JUniversity of Illinois. Ilrbana.
IL 61801. They wish to thank regory S. Whitt for
helpful comments on the manuscript. Computer
time for development of this program was provided
by the I Iniversity of Illinois Research Board.
© 1981, American Genetic Association.

tionships within and among natural popula-
tions and species. A major advantage of
electrophoretic approaches is that the same
data base can be applied to a wide variety of
problems. Consequently, researchers are
heavily dependent on high-speed computers
for the analysis of these data.

Unfortunately, despite the broad applica-
bility of allozymic information, most currently
available computer programs are somewhat
restricted in scope. Typically, a researcher
rises one program to compute genetic vari-
ability parameters, one or more other pro-
grams to calculate various indices of genetic
similarity and/or distance, and still other
programs to generate dendrograms via cluster
analysis or other tree-building procedures.
Aside from the obvious inefficiency of this
approach, the use of several programs also
tends to promote inaccuracy due to errors in
the transcription of data.

BIOSYS-1 is a single, multi-purpose pro-
gram that performs most types of data analysis
commonly employed by biochemical popu-
lation geneticists and systematists, and thus
alleviates most of the above problems.

Capabilities

Any or all of the following analyses may be
performed in a single run of the program.

Computation of allele (electromorph)
frequencies

The program accepts data in either of two
forms for the computation of allele frequen-
cies: 1 data are entered for each individual in
the study, giving the individual's genotype at
each locus for which it was scored: or 21 data
are entered for each locus in each population,
specifying all genotypes observed at the locIus
and their corresponding frequencies. Alter-
natively, if allele frequencies are already
known, they can be entered directly for use in
subsequent program steps.

Measures of genetic variability

The following measures of genetic vari-
ability (and their standard errors) are com-
puted for each population sample analyzed:
mean number of alleles per locus, percentage
of loci polymorphic using 95 percent, 99 per-
cent, and no criteria for polymorphism (fre-
quency of most common allele less than or
equal to 0.95, 0.99, or 1.00), and mean hetero-
zygosity (both direct-count and Hardy-
Weinberg expected, including Nei's9 unbi-
ased estimate). Allele frequencies and vari-
ability measures may be printed either pop-
ulation by population (all variability measures;
see Figure 1A) or in single tables (user-se-
lected variability measures; see Figure B and
C).

Hardy- Weinberg equilibrium

Each polymorphic locus is tested for con-
formance of genotype frequencies to those
expected under Hardy-Weinberg equilibri-

um. Expected frequencies are calculated
using Levene's correction for small sample
size. A chi-square goodness-of-fit test is per-
formed and the level of significance (P value)
determined. If more than two alleles are
present in a population sample, certain ge-
notypic classes are pooled (see Figure 1 DI and
the test performed again. In addition the ge-
notypic fixation index' 7 (F) and Selander's' 3

D statistic for the excess or deficiency of het-
erozygotes are calculated for each polymor-
phic locus.

F statistics

Wright's' 7. ' F statistics for the analysis of
population structure by standardized genetic
variance are computed for all variable loci.
Up to four hierarchical levels are permitted.
In general, the subdivisions of Wright'8 are
used: "demes" (D), "regions" (R), "subdivi-
sions" (S), and "total range" (''). This permits
calculation of the following statistics: FR.,
FRS. FST. FDS., Fr, and FDT. However, any
combination of hierarchical levels is permit-
ted (e.g., populations, subspecies, species, and
genus or subpopulations, local races, and total
range).

Heterogeneity chi-square

The significance of interpopulational het-
erogeneity in allele frequencies is evaluated
using a heterogeneity chi-square test (see
Workman and Niswander'8l. The entire array
of populations may be analyzed or subsets of
this array may be analyzed independently.

Similarity and distance coeficients

The following indices are computed: Rog-
ers' 2 genetic similarity (SJ and distance (DI,
Nei8 standard genetic identity ( and distance
(D), Nei8-' minimum distance (Dm) and Nei's
more recent "un biased" versions of I, D, and
Din. In addition, the less commonly used, al-
though highly appropriate, distances of Pre-
vosti (see Wright' 8 ) and Cavalli-Sforza and
Edwards3 are calculated. Values are printed
as matrices representing all possible pairwise
comparisons between populations. The ar-
rangement of these matrices (e.g., Rogers S
above diagonal, Nei I) below diagonal; see
Figure E) may be specified by the user. Any
number of matrix pairs may be printed.

In cases where several populations per
species are sampled, averages for intraspecific
and interspecific comparisons can be calcu-
lated Figure 1F). In addition, the possible
range (0 to 1) of similarity coefficients is di-
vided into 20 equal intervals and the relative
frequency d istribution of single-locus coeffi-
cients on this scale is computed. This is done
separately for comparisons involving: 1) con-
specific populations; 2) congeneric species;
and 3) different genera (see Avise and Smith'
for applications).

Cluster analysis

Cluster analysis may be performed on any
of the above matrices using either the
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FIGURE 1 Sample table output from BIOSYS-1. A--allele frequencies D-Hardy-Weinberg test with pooling. E-genetic similarity/distance
and variability measures for a single population. B-allele frequencies matrix. F-genetic distance coefficients averaged by species (conspecific
for all populations. C-selected variability measures for all populations. comparisons along the diagonal).
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FIGURE 2 Sample tree output from BIOSYS-1.
A-distance Wagner tree on Calcomp plotter
(branch lengths proportional to inferred patristic
distances). B--UPGMA phenogram on line
printer.

weighted or unweighted pair group methods
with recomputation of coefficients by arith-
metic averaging (WPGMA and UPGMA
methods, respectively)"4. The resulting den-
drograms are drawn on the Calcomp plotter
or printed on the line printer (Figure 2A and
B, respectively). Goodness-of-fit of the den-
drogram to the input matrix is evaluated using
the cophenetic correlation coefficient 4 or the
F value of Prager and Wilson".

Distance Wagner procedure

The method of Farris5 is used to construct
Wagner networks from any of the above dis-
tance matrices. The networks may be rooted
by either of two methods 5: 1) the root is placed
at the midpoint of the greatest patristic dif-
ference separating a pair of populations; or 2)
the root is specified by the point where one or
more user-designated "outgroup" populations
join the network. The resulting dendrograms
are output on the line printer and/or Calcomp
plotter. Goodness-of-fit is evaluated as in
cluster analysis (above).

If desired, a modification of the Farris pro-
cedure may be used' 5 . Trees constructed by
this modified procedure, which uses multiple
addition criteria and branch length optimi-
zation, are generally superior in goodness-
of-fit to those generated by the original Farris
procedure.

Conventional Wagner procedure

The "rootless" or "simple" algorithms of
Farris4 are used to construct Wagner networks
from character-state data. Either binary cod-
ing7 or frequency coding 2 of allozyme data
may be specified. Networks are optimized
using a newly developed procedure and
rooted as in the distance Wagner procedure.
Trees are printed and/or drawn as above.

Discussion

A valuable feature of the BIOSYS-I pro-
gram is its ability to accept single-individual
genotype data as input. Data entry can there-
fore begin early and can be continued
throughout the progress of the electrophoretic
analyses. Since the program computes allele
frequencies each time it is run, the researcher
can obtain a complete analysis of the available
data at any point in the study. The necessity of
manually recomputing allele frequencies and
preparing them for program input when new
data are obtained is thus eliminated. The use
of variable formatting permits skipping data
for loci scored initially but subsequently
dropped from the study. Despite the obvious
advantages of this system, the program is
flexible in that data can be entered as allele
frequencies if the user so desires.

BIOSYS-1 is currently dimensioned for
maxima of 40 populations, 30 loci, and 10 al-
leles per locus, and as such requires about
300K bytes of central memory. These upper

limits can be easily decreased to lower mem-
ory requirements or increased to accomodate
more data. Instructions for redimensioning are
provided. The program is written in IBM
FORTRAN IV and is compatible with either
the FORTRAN G or WATFIV compilers. It is
currently running on the IBM 360/75 and 4341
computers at the University of Illinois. A CDC
FORTRAN version is also available.

A program listing, documentation, and test
data may be obtained from the authors.The
program is also available on punched cards or
magnetic tape. Separate programs for cluster
analysis and Wagner tree construction from
user-supplied matrices are also available on
request.
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