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S1-Figure: Example of NEAT crossover between two individuals.
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Figure 1: Example of NEAT crossover between two individuals. The red parent has better fitness than the blue parent.
Their genes are aligned using the historical marker (numbers in bold) to avoid structural errors. The offspring receives
genes with equal probability from any of the parents if they are present in both, or from the parent with better fitness if
they are disjoint or excessive. Adapted from Stanley and Miikkulainen (2002).
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S2-Figure: Illustration of the two possible structural mutations in NEAT.
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Figure 2: Illustration of the two possible structural mutations in NEAT. ”Add connection” adds a connection with
random weight between two randomly selected nodes in the network, in this case, nodes 3 and 5, and generates a new
historical marker. “Add node” creates a new node with random bias in the place of an existing connection, that is disabled,
and creates two new connections, one from the disabled connection origin node and the new node, that receives the weight
value of the disabled connection. Finally, the connection from the new node to the disabled connection destination node
receives a random weight value. In this example, the new node 6 is added between nodes 3 and 4, that were already
connected. The changes are coloured in yellow. Adapted from Stanley and Miikkulainen (2002).

S3-Figure: Example of the extra FS-NEAT structural mutation.

ADD INPUT

Figure 3: Example of the extra FS-NEAT structural mutation. A new input is added in a network by creating a
connection with random weight value between the input being added and one of the outputs.
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S1-Table: List of used hyperparameters.

Table 1: List of used hyperparameters.

Hyperparameter Value
Population size 1000
Number of generations 100
Aggregation function1 mean
Activation function1 tanh, Gaussian
L2 regularization λ2 0.5
Probability of mutation adding input3 0.05
Probability of mutation swapping input3 0.05
Probability of mutation adding connection 0.05
Probability of mutation adding node 0.03
Probability of mutation changing weight 0.04
Elitism proportion 0.1
k tournament selection 2
Coefficient 14 1.0
Coefficient 24 1.0
Coefficient 34 0.4
Compatibility threshold4 3.0

1 Eq. 5, 2 Eq. 4b, 3 Fig. 3, 4 Eq. 1

S2-Table: G-mean, accuracy and FS comparison of N3O with FS-NEAT.

Table 2: G-mean, accuracy, and FS comparison of N3O with FS-NEAT.

G-mean Accuracy FS
Datasets Class N3O FS-NEAT N3O FS-NEAT N3O FS-NEAT

Cancer Epithelial 0.724 ± .056 0.721 ± .040 0.736 ± .058 0.725 ± .043 13.65 ± 2.36 32.33 ± 10.77
GSE10797 Cancer Stroma 0.733 ± .039 0.730 ± .046 0.744 ± .035 0.734 ± .044 13.85 ± 2.76 37.12 ± 12.53

Normal 0.806 ± .071 0.809 ± .064 0.930 ± .024 0.921 ± .024 12.92 ± 4.19 20.09 ± 9.13
GSE8671 0.983 ± .018 0.980 ± .020 0.984 ± .018 0.980 ± .020 15.16 ± 3.99 17.53 ± 7.98
GSE32323 0.938 ± .041 0.933 ± .044 0.939 ± .040 0.934 ± .043 15.74 ± 4.02 20.29 ± 8.97
GSE41328 0.963 ± .051 0.950 ± .080 0.968 ± .045 0.955 ± .071 18.67 ± 6.35 18.60 ± 9.24
GSE14317 0.949 ± .063 0.946 ± .066 0.964 ± .040 0.960 ± .044 14.80 ± 4.76 20.77 ± 9.44
GSE71935 0.783 ± .126 0.799 ± .096 0.902 ± .046 0.860 ± .047 14.60 ± 3.42 26.13 ± 11.54
Golub et al. (1999) 0.886 ± .036 0.898 ± .040 0.900 ± .032 0.901 ± .038 12.51 ± 2.43 28.58 ± 11.97

Average 0.863 ± .102 0.862 ± .099 0.896 ± .093 0.886 ± .095 14.65 ± 1.83 24.60 ± 6.84
Reported values from 31 runs of the stratified 3-fold cross-validation. N3O = average G-mean, accuracy, and FS of the proposed method. FS-NEAT =

average G-mean, accuracy, and FS of regular FS-NEAT (same fitness function and neuron structure as N3O). In bold are the best average G-mean and
accuracy, and smallest average FS of each dataset. Best results with statistical significance (p < 0.01) are marked in blue.
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S3-Table: Stratified 3-fold cross-validation statistical report of accuracy for N3O.

Table 3: Stratified 3-fold cross-validation statistical report of accuracy for N3O.

Datasets Class Baseline Mean±std Median Min-Max
GSE42568 0.87 0.978 ± .011 0.983 0.95 - 0.99

Basal 0.73 0.934 ± .016 0.934 0.89 - 0.97
HER 0.80 0.946 ± .019 0.947 0.89 - 0.97

GSE45827 Cell Line 0.91 0.994 ± .006 0.993 0.98 - 1.00
Luminal A 0.81 0.934 ± .019 0.940 0.90 - 0.97
Luminal B 0.80 0.890 ± .026 0.894 0.84 - 0.95
Normal 0.95 0.988 ± .009 0.993 0.97 - 1.00
Cancer Epithelial 0.57 0.736 ± .058 0.727 0.58 - 0.83

GSE10797 Cancer Stroma 0.57 0.744 ± .035 0.742 0.68 - 0.83
Normal 0.85 0.930 ± .024 0.924 0.88 - 0.97

GSE44076 0.50 0.982 ± .009 0.985 0.97 - 1.00
GSE44861 0.50 0.823 ± .031 0.829 0.74 - 0.87
GSE8671 0.51 0.984 ± .018 0.984 0.94 - 1.00
GSE21510 0.58 0.956 ± .032 0.953 0.88 - 1.00
GSE32323 0.51 0.939 ± .040 0.939 0.85 - 1.00
GSE41328 0.55 0.968 ± .045 1.000 0.83 - 1.00

AML 0.59 0.901 ± .035 0.891 0.83 - 0.97
Bone Marrow 0.84 0.989 ± .017 1.000 0.94 - 1.00

GSE9476 Bone Marrow CD34 0.87 0.963 ± .023 0.969 0.92 - 1.00
PB 0.84 0.994 ± .009 1.000 0.97 - 1.00
PBSC CD34 0.84 0.976 ± .022 0.984 0.94 - 1.00

GSE14317 0.72 0.964 ± .040 0.960 0.84 - 1.00
GSE63270 0.59 0.969 ± .022 0.970 0.89 - 1.00
GSE71935 0.80 0.902 ± .046 0.891 0.83 - 0.98
Golub et al. (1999) 0.65 0.900 ± .032 0.903 0.83 - 0.97

Reported values from 31 runs of the stratified 3-fold cross-validation. Baseline = accuracy of a classifier that
assigns all samples to the largest class. Std = Standard deviation; Min = Minimum value reported in all runs;
Max = Maximum value reported in all runs.
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S4-Table: Accuracy comparison of N3O and SVM.

Table 4: Accuracy comparison of N3O and SVM.

Datasets Class N3O SVM KW&SVM N3O&SVM
GSE42568 0.978 ± .011 0.985 ± .007 0.985 ± .006 0.990 ± .006

Basal 0.934 ± .016 0.972 ± .003 0.971 ± .004 0.968 ± .012
HER 0.946 ± .019 0.962 ± .010 0.950 ± .011 0.973 ± .026

GSE45827 Cell Line 0.994 ± .006 1.000 ± .000 1.000 ± .000 0.999 ± .003
Luminal A 0.934 ± .019 0.968 ± .014 0.979 ± .007 0.965 ± .017
Luminal B 0.890 ± .026 0.931 ± .013 0.928 ± .016 0.923 ± .024
Normal 0.988 ± .009 0.995 ± .003 0.993 ± .000 0.994 ± .005
Cancer Epithelial 0.736 ± .058 0.857 ± .028 0.857 ± .028 0.850 ± .053

GSE10797 Cancer Stroma 0.744 ± .035 0.761 ± .036 0.761 ± .036 0.825 ± .062
Normal 0.930 ± .024 0.924 ± .019 0.924 ± .019 0.965 ± .018

GSE44076 0.982 ± .009 0.983 ± .003 0.984 ± .003 0.987 ± .008
GSE44861 0.823 ± .031 0.829 ± .045 0.829 ± .045 0.829 ± .059
GSE8671 0.984 ± .018 0.698 ± .065 0.698 ± .065 0.667 ± .000
GSE21510 0.956 ± .032 0.986 ± .021 0.986 ± .021 0.986 ± .039
GSE32323 0.939 ± .040 0.692 ± .066 0.692 ± .066 0.686 ± .050
GSE41328 0.968 ± .045 0.695 ± .061 0.697 ± .040 0.722 ± .000

AML 0.901 ± .035 0.947 ± .016 0.920 ± .019 0.954 ± .039
Bone Marrow 0.989 ± .017 0.984 ± .000 0.998 ± .005 0.997 ± .007

GSE9476 Bone Marrow CD34 0.963 ± .023 0.997 ± .007 0.980 ± .019 0.984 ± .018
PB 0.994 ± .009 0.985 ± .013 1.000 ± .000 0.999 ± .004
PBSC CD34 0.976 ± .022 0.984 ± .010 0.997 ± .006 0.995 ± .012

GSE14317 0.964 ± .040 0.957 ± .044 0.991 ± .025 0.996 ± .012
GSE63270 0.969 ± .022 0.999 ± .003 0.998 ± .004 0.991 ± .011
GSE71935 0.902 ± .046 0.896 ± .034 0.923 ± .034 0.966 ± .030
Golub et al. (1999) 0.900 ± .032 0.961 ± .022 0.978 ± .012 0.943 ± .028

Average 0.931 ± .070 0.918 ± .102 0.921 ± .103 0.926 ± .102
The accuracy is the result of 31 runs of the stratified 3-fold cross-validation. All SVM versions used the RBF kernel and

had their hyperparameters tuned by grid search. N3O = average accuracy of the proposed method; SVM = average accuracy
of SVM; KW&SVM = average accuracy of SVM after filtering the data with Kruskal-Wallis H Test; N3O&SVM = average
accuracy of SVM using only the genes selected by the proposed method. In bold is the best average accuracy of each
dataset. Best results with statistical significance (p < 0.01) are marked in blue.
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S4-Figure: ANNs created with N3O and FS-NEAT for the same data.
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Figure 4: ANNs created with N3O and FS-NEAT for the same data. Two neural networks with best fitness in the
population at the final generation for a run of N3O and regular FS-NEAT with dataset GSE71935 (leukemia). Grey
rectangles are input nodes, white circles are hidden nodes, and blue circles are output nodes. The number inside the
hidden nodes inform the order in which they were created. Arrows are green if they are connections with positive
weight, or they are red otherwise. Their thickness is proportional to the absolute values of their weights. Dotted arrows
are disabled connections.
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S5-Figure: Genes selection and error convergence for N3O and FS-NEAT.
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(b) FS-NEAT

Figure 5: Genes selection and error convergence for N3O and FS-NEAT for a run with dataset GSE71935
(leukemia). Chart showing the convergence of both the best regularized error (− f itness) in the dashed line, and the
selection of genes in the population in green bars. Each green bar represents the number of genes present in at least one
individual of the population at a given generation. The darker bar is the number of genes that were already present in the
previous generation, and the lighter bar the number of genes new to the population when compared with the previous
generation. The light blue curve represents the total exploration of genes, counting the number of genes that were
present in at least one individual during at least one generation.
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S7-Figure: The number of genes related to the major cellular components.

Figure 7: The number of genes related to the major cellular components. The five most significant and abundant
categories that the selected genes were classified are related to the extracellular exosomes, cell surface, plasma membrane,
endoplasmatic reticulum and the cytosol.
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