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Sample True Model nggfjd cve p — value Time (min)
1 AB AB 7.02 0.000 18.268
2 CF CF 7.64 0.000 18.647
3 BE BE 8.38 0.000 18.824
4 AD AD 7.74 0.000 17.786
5 DF DF 252 0.607 18.095
6 EF |  ED 4.03 0.205 17.671
7 CE CE 7.81 0.000 18.667
8 BC BC 6.99 0.000 18.598
9 AE ! 3.82 0.342 18.784
10 cD cD 7.90 0.000 17.936
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Sample True Model Model cve p — value Time (min)
1 BCE 3.22 0.545 24.22
2 AEF 7.14 0.000 23.82
3 ABD 2.89 0.613 23.43
4 CDE CDE 4.15 0.036 24.38
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5 DEF 2.97 0.598 23.76
6 BEF 1.84 0.748 24.68
7 ABC 6.98 0.000 24.01
8 CDF 7.67 0.000 23.68
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10 BCE 2.03 0.730 24.95
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Sample True Model E/nggls e cve p — value Time (min)
1 AB AB 9.28 0.000 20.65
2 CF CF 10.00 0.000 21.16
3 BE BE 9.41 0.000 21.40
4 AD AD 8.78 0.000 21.73
5 DF DF 10.00 0.000 20.45
6 EF EF 8.93 0.000 20.43
7 CE CE 9.34 0.000 21.76
8 BC BC 8.57 0.000 20.82
9 AE AE 9.09 0.000 21.10
10 CD CD 8.79 0.000 20.39

L dayal) e 30y 2 = 1000 Lesi
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Sample | True Model Hlle: e p — value Time (min)
1 BCE BCE 8.70 0.000 26.34
2 AEF AEF 8.26 0.000 26.68
3 ABD ABD 7.83 0.000 26.96
4 CDE | cbA 3.36 0.510 27.54
5 DEF DEF 9.12 0.000 27.98
6 BEF BEF 7.65 0.000 27.68
7 ABC ABC 8.96 0.000 26.35
8 CDF CDF 7.97 0.000 27.58
9 ADF 4.05 0.186 2751
10 BCE BCE 8.77 0.000 27.07
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Sample True Model nggzjd cve p — value Time (min)
1 AB AB 10.00 0.000 24.86
2 CF CF 10.00 0.000 24.62
3 BE BE 9.86 0.000 24.87
4 AD AD 10.00 0.000 24.99
5 DF DF 10.00 0.000 25.48
6 EF EF 10.00 0.000 25.84
7 CE CE 9.92 0.000 24.95
8 BC BC 10.00 0.000 25.03
9 AE AE 10.00 0.000 25.79
10 CcD CcD 10.00 0.000 24.75
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6 BEF BEF 10.00 0.000 30.690
7 ABC ABC 9.47 0.000 31.251
8 CDF CDF 8.85 0.000 31.321
9 ADF ADF 9.73 0.000 31.720
10 BCE BCE 9.17 0.000 30.907
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Theory-based Model Validation in the Generalized Multifactor Dimensionality Reduction
Algorithm for Ordinal Phenotypes

Mohammed Ibraheem Othman Zaid Tariq Saleh Al-Khaledi
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of Mosul, Mosul, Irag.

Abstract: Clinical studies indicate a close relationship between some diseases and the presence of specific interactions
between genetic factors. As is the case in many studies, revealing genetic interactions that have a significant impact on
the emergence of genetic diseases requires extensive statistical analyses. Because of the enormous volume of genetic data
in the human race, it was necessary to develop statistical methods adapted to deal with high-dimensional data.
Multifactor Dimensionality Reduction (MDR) is one of the leading nonparametric algorithms in this field. The algorithm
reduces the dimensions of genetic data to obtain the most important interaction that has a direct impact on increasing the
likelihood of genetic diseases appearing. In its composition, the algorithm relies on a set of nonparametric procedures to
diagnose genetic interference with the highest impact exclusively on binary response variables. Like any statistical
method, this algorithm is not devoid of weaknesses and application limitations, so the algorithm had to be developed to
overcome the obstacles. One of the weaknesses of this algorithm is that the algorithm cannot handle data sets with
ordinal response variable. Some researchers have developed a generalization of the multifactor dimensionality reduction
algorithm to enable it to work with ordinal data. However, the generalized algorithm is more complex than the original
algorithm. Therefore, we proposed developing the original algorithm in a simple way by employing ordinal logistic
regression to classify individuals in the sample, while keeping all steps of the original algorithm unchanged. On the other
hand, the MDR algorithm adopts a non-parametric method to verify the significance of the interferences nominated in the
algorithm. This nonparametric procedure is based on the idea of permutational tests, and it consumes a very long time
compared to parametric procedures that relies on theoretical approaches. Some researchers have suggested using the
generalized extreme value distribution to verify the statistical significance of candidate interactions, but this method has
only been used with continuous and binary dependent variables. In this research, the theoretical method based on the
generalized extreme value distribution was employed instead of the permutational tests adopted in the algorithm when
the response variable is of the ordinal type.

Keywords: dimensionality reduction algorithm, ordinal logistic regression, genetic interactions, phenotypes.
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