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Abstract. A genetic algorithm (GA) had been developed and implemented in order to identify
the optimal solution in term of determination coefficient and estimation power of a multiple linear
regression approach of structure-activity relationships. The Molecular Descriptors Family for structure
characterization of a sample of 206 polychlorinated biphenyls with measured octanol-water partition
coefficients was used as case study. The research aimed to analyze the degree of association between
number of viable genotypes in cultivar in generations in which the evolution occurred and the
selection and survival strategies. The GA was repeated for 46 times and the Anderson-Darling test was
used to compared the distribution laws of populations occurred by using different pairs of survival and
selection strategies. The records of genotypes number were analyzed and the conclusions were highlighted.

Keywords: Anderson-Darling Test, Genetic Algorithm (GA), Distribution; Genotypes
INTRODUCTION

The quantitative structure-property/activity relationships (qSAR/qSPR) approaches are
widely used in characterization of different biological active compound due to their advantages
(Boyer, 2009; Ghose et al., 2006). Polychlorinated biphenyls (PCBs), organic compounds with 1 to
10 chlorine atoms attached to biphenyl, were widely used for different applications (e.g. dielectric
fluids). Due to their toxicity (El-Shahawi et al., 2010) and their persistency in environment (Werner
etal., 2010) the production of PVBs was banned in 1979 in US and in 2001 in Europe.

A previous research on PCBs using the Molecular Descriptors Family (MDF) (Jantschi and
Bolboaca, 2006) identified a multiple linear regression with 4 variables able to explained 91% of the
measured activity:

Y =3.04 - 0.42-1IDDKGg + 0.04-IHDRKEg + 0.07-aHMm;jQt - 37.5-aSMMjQg
(YY)~ 091, F=554

The above equation did not respect all criteria imposed by the phenotypic variability (e.g.
variability, deviation from normality and reasonable determination). The phenotypic variability
criteria were implemented using a genetic algorithm approach (note that the HMmjQt and SMM;jQg
descriptors from the above equation did not accomplished the viability tests) through
implementation of a heuristic able to find association of pairs of descriptors (Jantschi, 2010a). The
aim was to identify an optimal gSPR able to characterize the biological activity using a multiple
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linear regression (MLR) with four MDF members as variables considering as golden standard the
equation previously presented and was successfully accomplished (Jantschi, 2010a). The
implemented heuristic was set to be able to search pairs of descriptors; this strategy was
implemented due to the complexity of the calculus (the complexity is proportional to twice of power
2 of sample size compared to power of the sample size in searching the association of each
descriptor to each descriptor).

Our present research was focus on finding the answer to the following question “Is the
average number of viable genotypes in cultivar dependent or not by the selection and survival
strategies?”’

MATERIALS AND METHODS

An analysis of structure-property relationships was carried out using a genetic algorithm
approach (Jéntschi, 2010a). A sample of 206 PCBs with known octanol-water partition coefficient
(Eisler and Belisle, 1996) expressed in logarithmic scale (In(Kow)) was included in the analysis. The
geometry of the PCBs was optimized using the HyperChem 8.0 software. The AMBER molecular
mechanics method was applied; the Polak-Ribiere was used for geometry optimization (Polak and
Ribiere, 1969) while AM1 semi empirical method was applied for energy calculation (Dewar et al.,
1985). The optimization results and the calculated energies were saved as *.hin files, defining the
chemical structure of each PCB included into analysis. These files represented the input data for
SPR analysis. The molecular descriptors family (MDF) approach (Jantschi, 2004) was used to link
the structure of the PCBs and octanol-water partition coefficient. Detail of the genetic algorithm
could be found in (Jantschi et al., 2010b; 2010c). A series of parameters has been counting during
the evolution of the heuristics; the following two were of interest for the present research: number of
generation in which the evolution occurred and number of viable genotypes occurred in these
generation.

A program to analyze the distribution of the pair sampling using the Anderson-Darling test
(Anderson and Darling, 1952) was develop and implemented in order to found answer to the
research question. Anderson-Darling test verify if there is a statistical evidence that a sample is from
a given probability distribution function. Thus, the test verify if the hypothesis that the ascending
ordered observations ((Xj);<i<n, Xi<Xi+1) are from a cumulative distribution probability function. The
hypothesis is rejected by calculating the value given by the relation:

A =—n =S 2 ey )+In(1-F(Y,,,,))
2 z2kn 1( k n+l-k )

However, an application of interest is the Anderson-Darling test for several samples of
which the provenance from the same population can be verified without specification of the
population distribution law (Scholz and Stephens, 1987; *** 2002). The formulas used for
comparing samples and its interpretation are presented in (Jantschi, 2009).

When a discrete known distribution is compared to an observed distribution, the variance of
A’ is computed using the formula (Scholz and Stephens, 1987):

2 2
2(m —9)+10—n
3 n

where n = number of observations in the sample, 71=3.1415926535897932384626434...

Var(A®) =
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RESULTS AND DISCUSSION

The total number of 502 (2°-Co’-Co') possible inferences where investigated. The
distribution of the average number of viable genotypes in cultivar according to selection and

survival strategies is shown in Table 1.
Tab. 1
Distribution of the average number of viable genotypes in cultivar according to selection and survival strategies

Obs\Group| PP |PT |PD |TP |TT |TD |DP |DT |DD

1 1143]11.51|11.80{11.41|11.45]11.85|11.23|11.33]11.83
2 11.21111.46|11.6910.95|11.17]11.66|10.50|11.12| 11.68
3 11.06|11.32|11.55{10.93|11.14|11.68]10.23|11.06| 11.72
4 11.29111.38|11.65{11.27|11.29]11.60]|10.58 | 10.94| 11.70
5 11.58111.28|11.70{11.21|11.16]11.54]|10.86|11.10| 11.83
6 11.36|11.48|11.68|10.68|11.46]11.65|10.32|11.28| 11.85
7 114011138 |11.38|11.08|11.24|11.61|10.00|10.82| 11.79
8 11.30]11.61|11.44|11.00|11.36]11.62]|10.49|10.60| 11.77
9 11.14]11.34|11.64{10.94|11.29]11.62|11.10|10.69| 11.69
10 11.19111.53|11.57|11.11/10.78 | 11.74]11.13 | 10.88 | 11.79
11 11.38]11.55|11.68|11.12|11.47]11.48]|11.07|10.93| 11.82
12 11.63]111.18|11.64|11.39/10.76|11.64]|10.77|10.92| 11.84
13 11.05]11.31|11.58|11.24|11.36|11.74] 9.67|10.76| 11.78
14 11.07]110.73|11.68 | 11.11|11.47]11.69| 9.59|10.69| 11.78
15 11.50|11.10|11.60{11.29|11.06|11.80| 9.81|11.50| 11.74
16 12.00|11.38|11.40{11.50/11.12]12.00|11.00|10.56| 11.86
17 11.17]11.50|11.73|11.00|11.33]11.79]10.00 | 10.88 | 11.68
18 11.67]11.25|11.64|11.17/12.00| 11.67|11.18 | 11.10| 11.92
19 11.82]11.64|11.57|11.50|11.71|11.73]111.33|10.82| 11.88
20 11.75110.73|11.50{11.31/11.33]11.75]11.40|10.00| 12.00

Obs = average over 1000 generations;
Group: pairs of selection and survival strategies
P = proportional; T = tournament; D = deterministic

The following were obtained by analyzing the results:

e Analysis of pairs of selection-survival strategies shown that the hypothesis of belonging to the
identical population could not be rejected for: DT and DP with a ratio between critical value and
obtained value of ¢/k = 1.2; PP and PT (c/k = 3.0); PP and TT (c/k = 3.2); TT and PT (c/k =2.1)
and TT & TP (c/k=1.3).

e The analysis of groups of three survival-selection pairs shown statistically that:

O The hypothesis that PP, PT and TT are from identical populations could not be rejected
(ck=22).

0 With a 5% risk to be in error, all groups containing the TP method are from different
populations.

e The analysis of groups of four survival-selection pairs shown statistically that:

0 With a 5% risk to be in error, in the PP-PT-TP-TT group of the pairs of method at least
one is from different population (c/k = 0.9).

The main conclusions could be summarizing as:

e The analysis of selection-survival pairs of strategies:

0 With a 5% risk of error the following are from different populations: DD, PD and TD.

0 The hypothesis that DT and DP are from identical populations could not be rejected at
5% significance level.

O The PP, PT, TT and TP pairs need the investigation of higher order groups.
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e The analysis of groups of three survival-selection pairs of strategies:
0 With a 5% risk to be in error, the following are from different populations: DD,
PD and TD.

0 The hypothesis that DT and DP are from the same population could not be

rejected.

0 The hypothesis that TT and TP are from the same population could not be rejected.

0 The hypothesis that PP, PT and TT are from identical populations could not be

rejected.
e The analysis of groups of four survival-selection pairs of strategies:

0 With a 5% risk to be in error, the DD, PD and TD are from different populations.

0 The hypothesis that DT and DP are from the same population could not be

rejected.

0 The hypothesis that TT and TP are from the identical populations could not be

rejected.

0 The hypothesis that PP, PT and TT are from the identical populations could not be

rejected.

0 With a 5% risk to be in error, the hypothesis that PP-PT-TP-TT is from the identical

populations is rejected.

The analysis of results allows partitioning of the selection and survival strategies according
to the population of the average number of viable genotypes in cultivar into generation when the
evolution occurred. The summary of this analysis is presented in Table 2. The Figure 1 presented
the average number of viable genotypes in cultivar in generation when evolution occurred for each
selection and survival studied strategies.

Tab. 2
Populations for the average number of the viable genotypes in cultivar in the generations producing evolution during
evolving depending on the selection and survival strategies

Sel\Srv Proportional Tournament Deterministic |
Proportional PP PT PD
Tournament TP TT TD
Deterministic DP DT DD

Avg(Num. of viable genotypes)

10.5

10

9.5
0

Sel: Selection (rows) vs. Srv: Survival (columns)

10000

15000

Generation

Fig. 1. Average number of viable genotypes according to selection (first letter) and survival (second letter)
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The analysis of Figure 1 revealed that when deterministic selection is accompanied by the
deterministic survival (DD) ,the average number of viable genotypes in cultivar is high. Note that its
population distribution law proved to be statistically different compared to all other investigated
selection and survival strategies.

Deterministic selection strategy accompanied by the tournament survival strategy (DT) or
proportional survival strategy (DP) produced a population with a distribution statistically different at
a significance level of 5% compared to all other investigated selection and survival strategies.

Deterministic survival strategy accompanied by the tournament selection (TD) produce a
population distribution statistically different at a significance level of 5% compared to the
populations produced by all other investigated survival-selection strategies (see Table 2 and Figure
1). Moreover, the mean and the variability of TD are close to the values obtained by DD and DP
(see Figure 1).

Deterministic survival strategy accompanied by the proportional selection (PD) produced a
population with a distribution statistically different at a significance level of 5% compared to the
populations produced by all other investigated survival-selection possibilities (see Table 2 and
Figure 1). The characteristic of PD in terms of mean and variability are close to the values obtained
in deterministic selection accompanied by the tournament survival (DT, see Figure 1).

Selection and survival that are neither deterministic form a relatively compact group (see
Figure 1) and produced relatively close populations (see Table 2) in terms of average number of
viable genotypes in cultivar during evolution.

The Anderson-Darling statistics applied on the obtained experimental data was conducted in
order to identify statistically significant differences of distribution laws of obtained. Based on the
Starting from the obtained results it is possible to separate in statistical terms the populations (see
Figure 2, mean values on intervals of thousand of generations).

[=+DD —® TD & PD _ PP+PT+TT % TP+TT —@—DP+DT]

Avg(Num. of viable genotypes)

0 2 4 6 8 10 12 14 16 18 20 Millennia
J

Fig. 2. Average of the number of viable genotypes: significantly different populations partitioned by selection and
survival

The average trends of evolution presented in Figure 2 can be obtained by calculating for
each frequency class (from 0 to 20000) the mean value of observed variable (the average number of
viable genotypes — the mean of means) from generation 0 to the time evolution of the frequency
class. The average trends presented in Figure 2 correspond to the values obtained through a Monte-
Carlo simulation (see Figure 3). The Monte-Carlo is a class of algorithms related to the genetic
algorithms discovered in 1947 (Metropolis and Ulam, 1949) and mainly used in computational
statistics.
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‘ ——DD —=TD PD PP+PT+TT —* TP+TT ——DP+DT

Avg(Num. of viable genotypes)

10.5

0 2 4 6 8 0 12 14 16 18 20 Millennia

|

Fig. 3. Average tendencies for the average of the number of viable genotypes: statistically significant different
populations partitioned by selection and survival

The analysis of Figure 3 (where were presented also the standard errors) revealed that the
differences in average tendencies for the populations produced by DD, TD and PD are very small.
Moreover, the intervals of standard errors are frequently overlap on each other for the pair (TD, PD)
since the populations produced by DD, TD and PD are distinct on each other as the Anderson-
Darling statistics proved.

The proposed solution presented in Table 2 can be further refined to obtain the solution for
the most probable combination that is consistent to the obtained possible solutions. If the 95%
confidence interval is not considered sufficient for the obtained associations and proceed to
successive elimination until the most unlikely combinations are removed (until a partition into
the association of the methods) the removal will be stop after elimination of the DP and DT
(with ¢ / k = 1.2 and ¢ / k = 1.3) when the partition of the method is obtained {DD, TD, PD,
DT, DP, (PP, PT, TT)} (this have a single group where three pairs of selection survival strategies
lies - PP, PT and TT). Figure 4 showed the evolution of the average number of viable genotypes in
cultivar while the Figure 5 presented the mean of means of average number of genotypes in cultivar.

|—#—DD —#—TD —&—PD —%— PP+PT+TT ——DT —DP |
Avg(Num. of viable genotypes)

12

P>]

11 1

' %

9 T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 Millennia
|

Fig. 4. Partition of the number of genotypes represented in cultivar: the most probable solution
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‘+DD ——TD ——PD PP+PT+TT —@—DT —¢—DP

Avg(Num. of viable genotypes)

12

11 . —— o—o

10 T T T T T T T T T

0 2 4 6 8 10 12 14 16 18 20 Millennia
|

Fig. 5. Partition of the number of genotypes represented in cultivar: the Monte-Carlo experiment

The aim of our research was successfully accomplished. The average numbers of viable
genotypes in cultivar where investigated in order to identify their dependence or independence by
the selection and survival strategies and this research allowed us to draw important conclusions.

CONCLUSIONS

The deterministic selection accompanied by deterministic survival, proportional
selection accompanied by deterministic survival and tournament selection accompanied by
deterministic survival proved not belonging to the same population for a significance level of
5%.

The hypothesis that the following pairs of selection strategy and survival strategy were
from the same population could not be rejected at a significance level of 5%: DT
(deterministic selection accompanied by tournament survival) and DP (deterministic selection
accompanied by proportional survival); TT (tournament selection accompanied by tournament
survival) and TP (tournament selection accompanied by proportional survival); PP
(proportional selection accompanied by proportional survival), PT (proportional selection
accompanied by tournament survival) and TT (tournament selection accompanied by
tournament survival).

Deterministic selection strategy accompanied by deterministic survival strategy has as
effect maintaining a high number of viable genotypes in cultivar; its population distribution
law proved to be statistically different compared to all other investigated selection and
survival strategies.
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