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Guide
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I. Introduction.

EvolGenius 6.1 is a 2-locus population genetics simulator. Users set the starting population's
genotype frequencies, along with various parameters and the number of times (iterations) that the
simulation should run using the settings. A pair of output files are generated. One file reports the
settings and certain summary statistics (fileprefix.txt). The other reports the detailed results of
each iteration (fileprefix.csv); this comma-separated-values file is easily imported into a
spreadsheet program for additional analysis.

The population is comprised of diploid hermaphrodites. Population size is held constant
throughout the run.

II. History.

EvolGenius was originally written as a single-locus simulation for a colleague's Evolution course at
Radford University. It was subsequently upgraded to a 2-locus simulation for my Genetics lab at
Kean University. Its use in this course was described in an article published in 2001 in Bioscene:
The Journal of College Biology Teaching: "A project-based approach to teaching complex
population genetics to undergraduates.” The program has been routinely revised and is freely
available through my institutional home page (www.cedarcrest.edu/kliman).

I am now providing the c++ source code on the site, and only ask in return that proper attribution is
made if the code is borrowed.
III. Principal changes in version 6.1.

1. The c++ source code for version 6.1 has been modified for easy compilation in Windows (Win32
application) and MacOS/Unix — with no need to modify the source code.

2. Output is now sent to two files: a filprefix.txt file that reports program settings and summary
data, and a fileprefix.csv file with the data from successive runs. Itis no longer necessary to parse
the output in a spreadsheet program. Missing data are now coded as "NA" to allow for analysis in
R.
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3. Calculation of variances in fixation times has been removed; this is better performed with a
spreadsheet program.

4. The treatment of nonrandom mating has been extended. In previous versions, nonrandom
mating was simulated by first randomly choosing a pair of individuals to mate, then determining if
the mating was permitted. The current version allows the user to keep this approach (now called
"postmating" isolation) or to use an alternative approach: that is, to choose the first parent and
then to select the second parent based on the mating preference. This latter approach (now called
"premating"” isolation) is a more appropriate simulation for assortative mating as it is commonly
described in textbooks.

5. Output files are automatically placed in the directory holding the executable file. Output files
will be overwritten if file names are re-used.

6. No random number generator is perfect. When the starting population is first created,
individuals are clustered by genotype. To ameliorate very minor biases in the pseudo-random
selection of genotypes from the starting population, the population is now randomly shuffled after
its creation.

IV. Using the program.

1. Starting the program.

In Windows, the program can be started from a command prompt or by double-clicking the
executable program icon.

In MacOS/Unix, a Unix terminal window should first be opened; the program is then started by
navigating to the directory holding the executable program and typing ./Evolgenius6.1 at the
command prompt.

2. Prompts for output file name and random number generator seed.

The user will first be prompted for an output file name. The suffixes .txt and .csv are automatically
appended to the output files. Please recall that output files will be overwritten if a name is re-
used.

The user will then be prompted for a random number generator seed. This is useful for
troubleshooting or for obtaining the identical results on a given computer (assuming all other
settings are kept the same). Usually, however, its value is unimportant. The exception is if a
simulation is being replicated; in this case, care should be taken to use distinct values for the seed.
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3. Simulation settings.

The main window shows program settings. These can be changed by typing the corresponding
letter or numeral at the prompt.

* Type P to change the population. There are two genes, Alpha and Beta, with corresponding
upper- and lower-case alleles. [The allele designations do not imply dominance.] The
users is prompted for the number of individuals with each of the following genotypes (in
order): AABB, AABb, AAbb, AaBB, AaBb, Aabb, aaBB, aaBb, and aabb. The total population
size is calculated as the sum of these. The genotype proportions (which sum to 1.0) are
calculated and shown to the right of the starting frequencies (which sum to population
size).

The default population is at Hardy-Weinberg with equal allele frequencies and a population
size of 160. That is, the genotypes are in a 1:2:1:2:4:2:1:2:1 ratio.

* Type W to change the relative fitnesses conferred by the genotypes. These should range from 0
to 1. If the highest value is below 1, all fitnesses are re-scaled proportionally, such that the
highest value is 1. Relative fitnesses are shown to the right of genotype proportions.

In practice, selection is simulated by drawing a random number between 0 and 1 for a
given parent. If the random number is less than the parent's fitness, the parent is retained.

* Type 1, 2, 3, or 4 to change mutation rates (1 for A — a; 2 for a — A; 3 for B— b; 4 for b — B).

In practice, after an offspring is produced, each of its alleles are permitted to mutate with
the probability equal to the mutation rate. This is done by drawing a random number
between 0 and 1; if the value is less than the mutation rate, mutation occurs.

* Type N to set mating preferences based on the Alpha genotype. The user is first prompted to
provide the mating preferences for AA x AA, AA x Aa, AA x aa, Aa x Aa, Aa x aa, and aa x aa
(in order). A mating preference of 1 means that the mating is always permitted; a mating
preference of 0 means that the mating is never permitted; intermediate values lead to
intermediate probabilities that the mating will occur.

After setting the mating preferences, the user is prompted to state whether reproductive
isolation is premating or postmating

In practice, nonrandom mating is performed as follows. (a) For premating isolation, the
first parent is chosen at random. The program then chooses a second parent at random; a
random number is drawn from 0 to 1, and if it is less than the mating preference value, the
mating is permitted. If the mating is not permitted, the process is reiterated until a mate is
accepted. (b) For postmating isolation, both parents are chosen at random; a random
number is drawn from 0 to 1, and if it is less than the mating preference value, the mating is
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permitted. If the mating is not permitted, the process is reiterated until the mating is
permitted.

Note: in the absence of other biases, premating isolation should not change allele proportions.
Postmating isolation, however, can; this is especially evident for positive assortative mating,
which can destabilize the population.

* Type L to set the linkage map distance between the Alpha and Beta genes; values must fall
between 0 and 50. A value of 0 corresponds to 0 cM. A value of 50 corresponds to 50 cM.

In practice, once parents are chosen, they each supply a gamete after the opportunity for
recombination. A random number is drawn between 0 and 1; if it falls below the map
distance/100 (e.g., for 50 cM, it would have to fall below 0.5), crossing-over occurs. One of
the two resulting chromosomes is then selected at random for the gamete.

* Type F to toggle among three mating options: self-mating allowed (and polygamy implied); self-
mating not allowed (and polygamy implied); explicit monogamy with self-mating not
allowed.

In practice, for a population of size N, N matings are performed. In the case of polygamy,
two parents are chosen from the population at random with replacement; that is, after the
mating, the individuals are returned to the population and may be chosen again. In the
case of monogamy, once a mating pair has been established, if one of the parents is chosen
at random for a given mating, the other parent is automatically paired with the first.

* Type I to set the number of iterations for the simulation: that is, the number of times that the
simulation will be repeated with the same starting conditions.

* Type M to set the maximum number of generations permitted in an iteration. This will only be
used if the iteration is not halted after allele or gene copy fixation (see below).

This setting is very important in two circumstances. First, if a stable allele equilibrium has
been established (e.g., heterozygote advantage), allele fixation may not occur; the only way to
complete an iteration would be stop after an arbitrary number of generations. Second, the
user may want to run the simulation for a pre-defined number of generations (e.g., to observe
the level of drift after exactly 10 generations).

* Type D to allow migration. The simulation uses the "continent-island" model, whereby
migration is unidirectional from an immigrant source ("continent") into the recipient
population of interest ("island"). The user will first be prompted for the proportion of the
immigrant population with each of the genotypes. [Actually, the user is prompted for the
first 8; the proportion of aabb is then set automatically to sum proportions to 1.] The user
will then be prompted for the average number of immigrants per generation. Using
standard population genetics notation, this value (i) is equal to mN, where m is the
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migration rate and N is the island population size. The value of i does not have to be an
integer.

In practice, the program performs the following operation N times: It first draws a random
number between 0 and 1. If this falls below i/N (i.e., m in standard population genetics
models), an immigrant is chosen at random from the "continent" population. After all N
immigration attempts, the remainder of the new generation is built as usual from the
previous "island" generation.

An alternative approach would have been to select exactly i immigrants per generation, with
the understanding that i must be an integer. I prefer the flexibility of permitting any value of
m, even though this allows variation among generations in the number of immigrants.

* Type G to toggle between tracking and not tracking gene copy fixation. At the start of an
iteration, every gene copy is given a unique identifier. As gene copies are passed on, their
identifier is passed along as well. The identifier is unaffected by mutation (if permitted).
Gene copy fixation occurs when both gene copies in every individual have the same
identifier (that is, when all 2N gene copies in the population have the same identifier).

Note that if migration is permitted, this option is automatically set to not track gene copy
history. This is because immigrant gene copies lack unique identifiers required to track gene
copy history.

The rationale behind gene copy tracking is that it provides insight into effective population
size. In a constant-N Wright-Fisher neutral population, gene copy fixation is expected to take
4N generations on average. Effective population size can be inferred by dividing gene copy
fixation time by 4.

Note that gene copy fixation is distinct from allele fixation. Allele fixation occurs when all
2N copies of a gene are the same allele (i.e.,, upper-case or lower-case). Gene copy fixation
occurs when all 2N copies of a gene can be traced to a single ancestor at generation 0. If
there is no mutation permitted, gene copy fixation can occur no earlier than allele fixation,
but it may occur later. If mutation is permitted, depending on other parameters, gene copy
fixation may occur before allele fixation (and allele fixation may not occur).

* Type A to set the allele of each gene that must fix to stop an iteration. The users will first be
prompted for the Alpha gene: type 0 if either allele can fix, type 1 if A must fix, or type 2 if a
must fix. The user will then be similarly prompted for the Beta gene. The impact of this
setting is discussed below for option V.

This setting may be important if the user wants to permit the return of an allele after its
extinction. For example, under a selection-mutation balance model, the equilibrium
proportion of the deleterious allele could be very small. It may occasionally drift to extinction,
but could subsequently return by mutation. Thus, if the deleterious allele is B, it would make
sense to stop the iteration if B fixes, but to allow the iteration to continue if b fixes.

EvolGenius 6.1 - page 5



* Type V to toggle between stopping and not stopping an iteration once fixations occurs (assuming
that the maximum number of generations has not been reached). This setting requires
some elaboration, as it depends on two other settings, G and A. We will assume that V has
been set to stop at fixation.

If gene copy history is tracked (G), the iteration will continue until gene copy fixation
occurs for both genes. If gene copy history is not tracked, then gene copy fixation is not
necessary to stop the iteration.

If Alpha fixation is set to "any," the iteration will continue until either A or a reaches a
proportion of 100%. If Alpha fixation is set to 4, the iteration will continue until A reaches
100%. If Alpha fixation is set to g, the iteration will continue until a reaches 100%. The
same goes for Beta (any, B, or b).

If the aim of the simulation is to allow a population to evolve for a predetermined number of
generations, it would make sense to turn off fixation tracking. If fixation does occur, the
number of generations required for fixation will still be reported. The main reason for
tracking fixation is to speed up the simulation when fixation is the main focus.

* Type Q to quit the program without starting any iterations.
Note that the two output files will have been created.
* Type C to run the simulations.

Once the user types C, the program will not stop until all iterations are completed. If the user
realizes that an error was made, it should be possible to stop the program by typing control-C.

* When all iterations have completed, the user is prompted to run the simulation again. If the user
selects Y, the user is prompted for a new output file name and a new random number
generator seed; all of the program settings are otherwise retained. If the user selects N, the
program closes.

4. Program output.

The .txt file has two sections. At the top is a summary of the program settings, which can be useful
to remind the user of the selected settings, and to confirm that the settings match those intended
by the user.

Below this section, summary statistics are reported. In the first table, the number of fixations and
mean fixation time (in generations) is reported for Alpha alleles, Alpha gene copies, Beta alleles,
and Beta gene copies. This table is followed by allele fixation data for each gene: the number of
times that A fixed, the number of times that a fixed, and the number of times that neither fixed;
corresponding data are then reported for the Beta gene.

EvolGenius 6.1 - page 6



Finally, the number of iterations that halted because the population went extinct are reported.
This is a very unusual outcome, but certain combinations of settings can cause extinction. For
example, consider a population comprised of only AA and aa individuals; if the only permitted
mating is AA x aa, and if Aa is given a relative fitness of 0, the population goes extinct.

The .csv file reports the following (in order) for each iteration (one per row):

A) the iteration number (1, 2, 3...).

B) generations completed for the iteration.

C) the Alpha allele fixed (4, a, or none).

D) the generation at which Alpha allele fixation occurred ("NA" if fixation did not occur).

E) the proportion of the A allele at the end of the iteration.

F) the generation at which Alpha gene copy fixation occurred ("none" if fixation did not occur,
"NA" if gene copy history was not tracked).

G) the haplotype from which the fixed Alpha gene copy arose. At Generation 0, each Alpha allele is
linked to a Beta allele. The possible haplotypes are AB, Ab, aB, and ab. The program
reports "NA" if fixation did not occur and "NA" if fixation was not tracked.

H) the genotype from which the fixed Alpha gene copy arose. The program reports "NA" if fixation
did not occur and "NA" if fixation was not tracked.

[ - N) data analogous to C-H, but for the Beta gene.

O - X) proportions of each genotype at the end of the iteration. Notice that 10 genotypes are
reported; Ab/aB is distinguished from AB/ab.

Y - AB) the proportion of each haplotype at the end of the iteration.

V. Considerations for efficiency.

1. Population size: Under a neutral model, the time required for gene copy fixation is 4N
generations. The time required for allele fixation is 4N(p In p + q In q) generations. Notice
that in both cases, fixation time scales linearly with N. The time that it takes to build a
generation also scales linearly with N. Therefore, to a first approximation, the time
required to complete an iteration to fixation scales with N2.

2. Linkage: If only one locus is being studied, the linkage map distance should be kept at 0 cM.
There is no need to allow recombination, which requires computation.

3. Gene copy history: If there is no interest in the time that it takes to complete gene copy fixation,
it makes sense to not track gene copy history. As noted above, gene copy fixation requires,
on average, 4N generations, which may be much longer than needed to answer the
question of interest. It also takes a little time to check at each generation if gene copy
fixation has occurred.
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VI. "Faking" sex-linkage.

To study a single sex-linked gene (Beta), the following settings should be used:

* Allow only matings between AA (homogametic sex) and Aa (heterogametic sex). Set all other
mating preferences to 0.

* Set linkage map distance to 0.

* When creating the starting population, do not have any individuals with the aa genotype.

VIIL. "Faking" population expansion.

While the simulation maintains a constant population size, it is possible to mimic population
expansion for the Beta gene.

* To expand a population x-fold, the initial population should have N/x AA individuals and N - N/x
aa individuals. For example, to expand the population 100 fold to a final size of 1000, begin
with 10 A4 individuals and 990 aa individuals.

* When creating the starting population, do not have any individuals with the Aa genotype.

* Set all mating preferences to 0, except AA x AA and aa x aa (which should be set to 1).

* Set linkage map distance to 0.

* Setrelative fitnesses to lead to the eventual extinction of aa. As these individuals are lost from
the population, AA will rise in frequency. The rate of increase will be a function of the
intensity of selection against aa.

VIIIL. Program Validation.

Please see the document EG_Validation for thorough analyses that indicate that the program
produces data consistent with population genetics theory.
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