Methods
Datasets:
The Gene Expression Omnibus (GEO) was created by the National Center for Biotechnology Information (NCBI) as a database open to the public for high throughput gene expression and hybridization experiments for a variety of diseases (Edgar et al., 2002). Datasets were obtained from the NCBI’s GEO database. Datasets collected for this study included were from gene expression profiling microarray studies using post-mortem samples that indicated AD status, brain region of the tissue sample, age and biological sex of the subject. 	Comment by sdlau_000: Should I include the table with a descriptions of the datasets here or in the results section? 
The gene expression data for APOE, APP, PSEN1, and PSEN2 were normalized using z-scores then categorized as Low (z-score<-1), Normal (-1<z-score<1), or High (z-score>1) gene expression levels. AD status for samples was simplified to either AD or Non-AD. Because the hippocampus is important for memory and is frequently cited as the brain region most severely affected by AD, brain regions from the datasets were categorized as either Hippocampus or Non-Hippocampus. Ages were categorized as Age>65 or Age ≤65. 	Comment by sdlau_000: Do I describe how I used Access to match probe IDs to gene names? 
Analysis: 
The data was analyzed using Bayesian Networks. Bayesian Networks are a system-based approach in analyzing large datasets. Results are in the form of directed acyclic graphs where the nodes represent variables of interest, and the variables hold different states. In this study, different states of the variables represent the different categories of gene expression, AD status, Brain Region, and Age. 
The relationships between the nodes are represented by arcs, and probabilities that further describe these relationships are assigned to these nodes based off the joint distributions of the nodes' parents. The connections of these nodes allow us to deduce relationships between nodes that are not directly connected to each other. There are three basic connections between these nodes:  
Serial connections show the chain of variables that lead to a certain state. Given no evidence, all these nodes influence each other. However, when the state of a middle node is known, the nodes above and below that node are now independent of each other. 
Diverging connections show how one node influences the effect two or more other nodes. Given evidence on the affected nodes or no evidence on the node where the diversion occurs, the children nodes influence and are connected to each other. However, given information on the node where the diversion occurs, the children of those nodes are independent of each other. This relationship is useful in distinguishing the difference between the causes of one node's state from other nodes that are also a result of a shared cause.  
Converging connections demonstrate how several nodes cause or influence a common node. Without information on the common node, these nodes are independent from each other (Charniak, 1991). 
Bene is a software that searches for the BN structure that provides the highest likelihood of the data using BDe scoring. (. The output graph is the structure that provides the highest likelihood of observing the data that was inputted (Silander, 2014). It provides an order of how the variables relate to each other, which can be useful in finding out the causal relationships between variables (Silander and Myllymaki, 2012). This Global Maximum Likelihood Structure (GMLS) structure is usually a fully connected network since the input data rarely demonstrates true independent variables. This fully connected graph tends to over fit the data (Koller and Friedman, 2009). 	Comment by sdlau_000: Should I expand on this? If so, how much? 
Additional mechanisms must be employed to prevent overly complicated structures. Age, Sex, and Brain Region were treated as confounding variables to AD and the genes of interest while the other relationships obtained from the GMLS were maintained. The likelihood of this Confounding Structure will be compared to the GMLS. 
These structures were further analyzed using GeNIe 2.1 , a software that allows analysis, manipulation, and validation of BN structures. The accuracy of the Confounding Structure and the GMLS will be analyzed using simple validation tests, leaving one out tests, 4-fold cross validation tests, and ROC curves. 
 (
Figure 1: Example of a Serial Connection
In this example, given no evidence, all the variables are dependent on each other. Each of the probabilities of High, Normal, and Low gene expression of lower nodes are dependent on the 
distribution of High, Normal, and Low gene expression of the node directly above it. The state of PSEN1 expression influences the states of PSEN2, APP, and APOE. However, if evidence is provided on the state of PSEN2, the states of APP and APOE are now independent of PSEN1. 
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Figure 2: Example of a Diverging Connection
In this example, given no evidence, all the variables are dependent on each other. Each of 
states of Age, PSEN1, and APP are dependent on the state of the Alzheimer node
 However, if evidence is provided on the state of 
Alzheimer
, the states of
 Age, PSEN1, and APP are independent of each other. 
 
)[image: ] (
Figure 3
: Example of a Diverging Connection
In this example, given no evidence, 
APOE, PSEN2, and PSEN1 
are 
in
dependent on each other. 
The
 probabilities of High, Normal, and Low gene expression
s
 
of APP 
are
 dependent on the different combinations
 of High, Normal, and Low gene expression of
 
APOE, PSEN2, and PSEN1
. However, if evidence is provided on the state of 
APP
, the states of APOE
, PSEN2, and PSEN1
 
now  influence
 each other
. 
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