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Abstract— In 2005 Lolle et al published controversial findings
showing that the Arabidopsis thaliana plant repairs invalid genetic
information using the grandparent as a kind of repair template.
We have previously shown how a genetic repair operator
(GeneRepair) can be used to correct invalid individuals in an
evolutionary strategy. It has been shown that superior results are
produced when the individual’s grandparent is used as the repair
template in comparison to using the individual’s parent. This
paper investigates whether the results produced by GeneRepair
templates are affected by parameters of population size and
number of generations. The results indicate that the grandparent
template outperforms the parent template regardless of
population or generation size. These findings further supports the
controversial theory of Lolle et al.
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L INTRODUCTION

Evolutionary Strategies (ES) are based on the Darwinian
principle of survival of the fittest. Their expected success is
based on the fact that they mirror biological evolution. ES have
been shown to be successful when used on problems with large
search spaces, but traditional ES are ill-suited to constraint
based problems [1]. Three approaches have been adopted to
enforcing constraint upon an ES: penalty points [2], modified
ES operators and genetic repair. In this paper we evaluate a
modified ES that incorporates a genetic repair process.

In 2005 Lolle et al published a controversial paper showing
that the Arabidopsis thaliana plant used a genetic repair process
to correct invalid genetic information [3]. The corrected
individuals appeared to be repaired using information
originating in the grandparent generation — information that
apparently by-passed the parent generation. This radical form of
non-Mendelian inheritance was treated with much skepticism by
some of the scientific community.

In this paper we modify a traditional ES to mirror this
genetic repair technique. We compare the effect of
population and generation size on the results produced, using
both the parent and grandparent template to repair invalid
individuals. Invalid individuals are those that do not satisfy
the constraints of a given problem — the biological equivalent
of producing a viable individual/phenotype. For this paper we
have used the TSPLIB eil51 51 city Travelling Salesman’s
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Problem (TSP) to evaluate our hypothesis and compare
results. The results show that as the evolutionary strategy is
modified to more closely mirror biology, the grandparent
repair becomes a superior candidate for use as a repair
template than the parent.

II.  GENEREPAIR

GeneRepair [4] is an operator which repairs invalid
individuals produced by crossover or mutation in an
evolutionary strategy. An example of an invalid individual for
the TSP would be an individual with duplicate cities. The
GeneRepair operator would ensure that this individual satisfies
the problem constraints by replacing the duplicate city with any
missing city.
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Figure 1. An Individual with an invalid duplicate gene

As we can see in Fig. 1 the individual is invalid as it has a
duplicate of city 1. GeneRepair is invoked to repair this error by
replacing the duplicate with a missing city. In order to decide
which city to replace GeneRepair uses a template. Our research
compares the use of the individual’s parent and the grandparent
as possible repair templates.

III. RESULTS

We ran an experiment to compare grandparent and parent
GeneRepair with a population of ten for five hundred
thousand generations on the eil51 TSP to investigate the
consequences of change in generation and population size on
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the success of the GeneRepair templates. We ran this
experiment 260 times. Our results are presented in two
separate subsections. In the first subsection we present the
results produced by the 260 runs. We sample these results at
100,000, 250,000 and 500,000 generations and at each point
we compare the use of parent and grandparent templates. In
the second subsection we analyze the best result produced
using the parent template and compare it to the best result
produced using the grandparent template. We sample both of
these files at 50, 500, 5000, 50000 and 500000 generations
and compare the best parent solution and the best grandparent
solution at each point.

A. Comparison of Final Results Produced by Parent and
Grandparent Templates

In previous research [5] we have shown how the grandparent
can be used as a template for repair in an ES to successfully find
near optimal solutions to constraint based problems. In this
paper we investigate whether change in population size or
number of generations has an effect on those findings. We have
used a population of ten for this set of experiments which is a
tenth of the population used in our previous publication. The
mutation rate set to two for all experiments. This mutation rate
is based on the findings from the investigation carried out in
mutation rates by Mitchell [6].

In this first set of results we compare the final results
produced by each of the 260 experiments carried out using the
parent template to repair invalid individuals to the 260
experiments carried out where the grandparent template was
used. Each of the experiments was run for 500,000 generations.
In Fig. 2 below you can see that each of the grandparent
experiments produced a smaller tour length and so a better
result that its parent counterpart.
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Figure 3. Results for 260 experiments after 500,000 Generations

In Fig. 4 below we can see that the gap between the results
produced when using the parent and grandparent templage has
grown when the results were sampled at 250,000 generations.
The grandparent produces superior results to its parent template
for every experiment. You can also see that the best results
produced by the grandparent, as highlighted in Fig. 4 are
signicantly better than those produced by the parent template.
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Figure 2. Results for 260 experiments after 500,000 Generations

We went on to sample each of these results at 100,000 and
250,000 generations. In Fig. 3 the result of each experiment is
shown after 100,000 generations. It can be clearly seen that
there is a significant gap between the tour length produced using
the grandparent template and the tour length produced using the
parent template for the majority of the results.
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Figure 4. Results for 260 experiments after 500,000 Generations

If we analyze the results produced by the experiment as
illustrated in Fig. 2, it is clear that grandparent is superior to
parent as a candidate for a GeneRepair template even though the
population size was one tenth of the size in previously published
results. By not only looking at the final result but also sampling
the experimental results at two separate points we can see that
the grandparent template produces superior results to the parent
template regardless of generation size. If we go on to analyze
these results further we can see that while the average
grandparent has a lower tour length than the average parent the
standard deviation across the results produced by the
grandparent template is much wider (See Table 1). Perhaps it is
this diversity within the grandparent that allows us to produce
better results through wider exploration of the search space.
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TABLE L

EXPERIMENTAL RESULTS FOR 260 RUNS

Tour Length
Template 4 Standard
verage Deviation
Parent 799.2769 16.06984
Grandparent 796.2654 19.63673

B. Analysis of Best Parent and Best Grandparent Results

This second section of our results compares and analyzes the
best result produced when using the parent template compared
to the best result produced when using the grandparent template
as highlighted in Fig. 2. We have sampled these results at five
different points in the experiment to compare parent and
grandparent GeneRepair at five different generation sizes. The
results in Fig. 5 compare best results produced by both
grandparent and parent GeneRepair after 50 generations. The
lines in the graph below indicate the tour length (Y-axis)
produced for the eil5S1TSP at that particular generation (X-
axis). We can see that only after 50 generations a small but
significant gap has formed between the use of grandparent and
parent templates. We can also identify that using the parent
template has caused the decrease in tour length to somewhat
plateau in comparison to the steady improvement of results
when using the grandparent template.
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Figure 6. Results after 500 Generations

We have sampled the experiment at 5 different points; 50,
500, 5000, 50,000 and 500,000 generations. The only time that
parent produces better results is at 5,000 generations but even at
this point the difference between grandparent and parent is
minimal in comparison to the difference between them at each
of the other sampled points. (See Table 2 & Fig. 7)
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Figure 5. Results after 50 Generations

In Fig. 6 below we can see that the gap between the results
produced by the grandparent and parent template has grown
significantly after 500 generations. Grandparent appears to
continue to evolve while once again the parent template has
caused a plateau in the results.
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Figure 7. Results after 5,000 Generations
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Figure 8. Results after 50,000 Generations
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When the results are next sampled at 50,000 generations
grandparent is significantly better than parent again which
concretes the finding that the result at 5,000 generations was a
definite outlier for the parent template in comparison with the
constant positive results for the grandparent template (Fig. 8)

The last sample of the results was taken at 500,000
generations and the gap between the parent and grandparent
template has once again grown. The final results shown in Fig. 9
illustrate that on completion of the experiment the grandparent
template has produced a significantly lower tour length than the
parent template.
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Figure 9. Results after 500,000 Generations

TABLE 2 provides a summary of the results as sampled at
the five points explained above. We can see that the difference
between the grandparent and parent template becomes more
apparent as you increase the number of generations in the
experiment. Not only is grandparent a superior repair template,
it is impervious to both population size and the number of
generations. We can see that it is resistant to changes in the
population as this experiment gives the same conclusion as
previously published results [5] even though the population
used for the results shown in this paper is a tenth of what it was
for previous experiments. We have also shown that it is
resistant to changes in the number of generations by sampling
the results at five different points and comparing the parent
template to the grandparent template at each of these points (See
Table 2).

TABLE II. FINAL RESULTS
Number of Generations Repair Template
Parent Grandparent
50 Generations 1098 1092
500 Generations 1028 960
5000 Generations 839 842
50000 Generations 837 816
500000 Generations 752 685

IV. CONCLUSION

Previous results [5] have illustrated that the grandparent is a
superior repair template to the parent when used by GeneRepair
in an ES. This paper goes on to show that the superiority of the
grandparent repair template is invariant across many population
and generation sizes. The population used for the experiments
illustrated in this paper was set to 10 in comparison with a
population of 100 in previously published results [5]. The final
260 experiments were analyzed at three different generation
sizes. The results showed that at each of the sampled points the
grandparent template outperformed the parent as a repair
template. The results also showed that the grandparent template
continuously produced superior results and so at each sampled
point in the experiment it was a new best result produced by the
grandparent being compared to the parent. The grandparent
continually produced superior results as opposed to one superior
outlier.

We then went on to examine the best result produced by the
parent template in comparison to the best result produced by the
grandparent template. The experiment was sampled at five
different generation sizes and four out of five of these samples
were positive that that the grandparent is a superior template.
The one sample that was not positive was too weak to suggest
that the parent template was superior. It is also to be expected
with a stochastic method such as ES that a small proportion of
the results will be unreliable due to the strong influence of
outliers on the overall results.

The results presented in this paper strongly support the
controversial findings of Lolle et al [3] where they show that in
the biological environment of the Arabidopsis thaliana plant the
grandparent template is successfully used as the repair template
to correct invalid genetic information. This paper concludes that
not only is it possible to use the grandparent as a template for
repair, it is shown to be superior to using that of the parent
regardless of population and generation size.
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