alad) Canll g Alad) axlasl) 3 ) 3
Jua gall daala
haaly )l g G gulal) pgle 408

A ila glrall g pluany) acdd

7 ad
Wepsy ool

Jalgad) Badatia sla ) (28a0 A lgdd alaal) Cinsil
Al A il balaiSu

Fadie s
Jua gall dralay (A Sl )l g G gdad) o gle A4S (ulaa )
slasy) A agle sricala Balgd o cilthia e 5 JaS

dd (a
daaa Glaie al ) daa

) iy
g3 e @b 4

a¥ . vy AV E¢0



RECIR

a3 ORI dgags b Gam cp JEEN ALY ) Ayl cluhall i

el GmbeY) el o Sl il cd dal) edlalall i oy dvuall Jalsall oy
el Guandl (8 Aual) GULall Jiled) paadl s WA ddbaal) cBllas ) Uy
2l A lsd ad L Aeduall Gkl s Jalaill 4880 Aibiaa) Fhla ol e 2 Y (S8
s2s) Multifactor Dimensionality Reduction (MDR) Jalsall samic aladyl
Jsanll dpial) bl alayl (mgas e Jexd cJlaall 130 8 50350 Lpalead) i )il
Gaa) il adiass AL GabaY) sl Baldia) saly e sl 535 13 Jals aal e
e bl eV il Jalsll Ganan) e ) cela¥) (e desene o L
L e 515 Y duellsal) o3 old cilaa) Ak (5185 Tpan AalE Llaiul) Syt
L&l gl Jslatl Ayl sk cpe Y S 1A il claanally Caeal)
e e ggiad il bl e Jaleill e LilSe) ade 4 dpa)ylsal) o2 b Ciaual
Baseie ] (msdd Aye) Al Lasesd sl (any psh 85 il g5l e Al
Cro Tt ST Aeanall By sl 8 @l pa At Sl e Jalatl (pe L3Sl Jalsal
Cadagy g Uniw Dusht A0aY) Luaj sl gl Uagid) Gl ALY) daa) sl
Clshad wiea e sG] ae cAimll b aEY) Gt b gl sl sy
Lalea ¥ Lslod 203 MDR &sah s o8 conl 2l s« i 50 2beal) 4a) 158l
558 e aled cha¥) s 3 e ball 8 dsdyell el dygiee (e @3l
sl sadinall Lalaall eyl A3l fas Sl Lia) Uy allging ag ol cllaay)
dgsinall (o 3iaal aanall alaall dedll oy aladind sl e &) LAkl CulllY)
sadieadl Cysiad) e Y1 Gl 13 aladial oy Wl S syl edlalall dglasy)
bl Al g o adinall (gylaill sl (i ) 13 8 5L AS 5 il
L) eie 06 Levie @llds ey Al 8 sadiaall Adolall CLEaY) e Yy aendl)
Zagal) Al \gaiS b Alaeall dpa) i) el 5ISlaall il capelaly . il g gl
Wgpall Clgiwe @l Clly o Jead) Guliill cha) a5 ophaja) Q86 e 3554l
sy Adadyall Al Jaleall e Wi@les Cognitive Resilience (CR) 4S)aY!

i



alatinly Ldial lily 58lae ad Eua LA e Badme A canay 6N aladll e
Synthetic Minority Over-sampling Technique 45 bootstrap J <l
WY S e dele 12 e @il Gigial s 8 .1000 pass Aie 2153 SMOTE
APOE all Jalal) (s Jalsil) g (mpall Hoai 3 jise dadn €T ol il ¢ gl

PSEN2 il Jalally

i



Ministry of Higher Education and
Scientific Research
University of Mosul
College of Computer Science and Mathematics
Department of Statistics and Informatics

Parametric Adaptation of The Multifactorial
Dimensionality Reduction Algorithm for Ordinal
Phenotypes

A Thesis Submitted to the Council of the College of
Computer Science and Mathematics
University of Mosul
as a Partial Fulfillment of Requirements
for the Degree of Master of Science
in
Statistics

By
Mohammed Ibrahim Othman Mohammed

Supervised by

Lecturer Dr. Zaid Tariq Saleh Abawi

1445 A.H. 2023 A.D.



ABSTRACT

Clinical studies indicate the close relationship between some diseases
and the existence of specific interactions between genetic factors, and that
detecting 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. It works to reduce 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 interaction 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 it cannot handle data that contain an
ordinal response variable. Some researchers have developed a
generalization of the multi-factor dimensionality reduction algorithm to
enable it to deal with ordinal data. However, the generalized algorithm is
more complex than the original algorithm. Therefore, we proposed a simple
development of the original algorithm 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 nominated
interactions in the algorithm. This nonparametric procedure is built on the
idea of permutational testing, and it consumes a very long time compared to
parametric procedures based on theoretical methods. Some researchers
have suggested using the generalized maximum value distribution to verify
the statistical significance of proposed interactions, but this method has
only been used with continuous and binary dependent variables. In this
research, the theoretical method based on the generalized maximum value
distribution was employed instead of the permutational testing adopted in
the algorithm when the response variable is of the ordinal type. The
simulation results showed the effectiveness of the modified algorithm in
detecting the real interactions affecting the aggravation of the disease. The
practical application was carried out on data related to levels of cognitive
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resilience (CR) and its relationship to some genetic factors associated with
the emergence of Alzheimer's disease, which affects a specific percentage
of people. Original data were simulated using the bootstrap method and the
Synthetic Minority Over-sampling Technique (SMOTE) to generate a
sample of size 1000. While the data contained 12 bi-allelic genetic factors,
the results showed that the most influential interaction in the deterioration
of the disease is the interaction between the APOE genetic factor and the
PSEN2 genetic factor.



