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Discussion 
Total Samples	Comment by sdlau_000: Are there any other potential biases/ issues with the data that I missed? 
The data gathered had a nearly even split between AD and Non-AD samples (53% to 47%). Only samples that were clearly AD cases and clearly Non-AD cases were included because the focus of this study was to determine the different patterns between healthy and AD cases for these variables. Additionally, not all the GEO datasets included in our study specified severity of AD. By focusing on AD and Non-AD cases, we hoped to find patterns that could be generalized throughout all stages of AD.  There is a 10.5% lifetime risk for developing AD (Sperling et al., 2011). 	Comment by sdlau_000: I’m not entirely sure if I’m justified in this paragraph. 	Comment by sdlau_000: I think this sentence needs to tie in with the proportions of AD samples in our data some how. 
In our model, 53% of the total samples were AD cases. The proportions between males and females in our dataset were nearly even, but not quite. 47% were females and 53 % were males.  Our dataset overrepresented males, so our models may be more accurate in determining the relationships of our variables with the male population.  Winblad et al. (2016) reports that women have a 14% lifetime risk of developing AD while men only have an 11% lifetime risk. Within our dataset, 62% of females had AD while 44% of males had AD. 	Comment by sdlau_000: How do I deal with this difference? 	Comment by sdlau_000: What other issues could result from the over representation of males? 	Comment by sdlau_000: How do I deal with this difference 
The mean age of our samples was 78.0±14.5 years. We categorized the ages of our samples as Age>65 and Age≤65. Not all of our AD cases could be identified as EOAD or LOAD. There was an assumption that AD cases who died at or below age 65 were EOAD cases. A majority of our data were Age>65 (83%). This may make our model more representative of AD patterns for those Age>65. 	Comment by sdlau_000: Should I find  mean age of AD/ Non-AD cases? 	Comment by sdlau_000: Find %	Comment by sdlau_000: Any other issues that may result from this? 
As part of our initial analysis of the data, we categorized the different brain regions of our samples as Hippocampus or Non-Hippocampus. By doing this, we can examine how the patterns between our variables compare the most severely affected region in AD with other brain regions. One drawback of this initial categorization is that brain regions severely affected by AD pathology, such as the temporal lobe and frontal cortex, have been group together with brain regions not as severely affected, such as the parietal and occipital lobe. Future analysis of our data may include further categorization of the brain regions available. 	Comment by sdlau_000: How can/ should I discuss that only 10% of our total samples were Hippocampus samples? 	Comment by sdlau_000: Should I include this sentence? Do we plan to look and compare other brain regions? 
Training Data
	The training data used to find the parameters of our BN structures was made up of 75% of our total samples. There were the same proportion of AD and Non-AD cases, those Age>65 and those Age≤65, females and males, and Hippocampus and Non-Hippocampus samples in this group. 
Test Group
	The test data used to validate and determine the accuracy of our BN structures was 25% of our total samples. This group had same distributions of AD status, Sex, and Brain Region samples. There were fewer females in our test group (44%) than there were in our total sample set (46%). Fewer Age>65 samples (82%) were available in our test group than there were in the total and training data group (83%). . 	Comment by sdlau_000: How do I know if these differences are significant? 
Structures Analyzed
	The GMLS is supposed to be the BN structure that provides the highest likelihood of observing our test data. This likelihood is reflected in the log score, or log likelihood. This fully connected structure tells us an order of the variables though it provides no information on independencies between our variables. Our Confounding Structure treats Age, Sex, and Brain Regions as variables independent of each other but influence the expressions of APOE, APP, PSEN1, and PSEN2 as well as AD risk. Interestingly, the Confounding Structure had a better likelihood score than the GMLS, over 20,000,000 better. Further investigation is needed as to why the software that proposed the GMLS did not provide the best structure that has the highest probability of observing the data.  	Comment by sdlau_000: I don’t think I’m explaining this correctly. 	Comment by sdlau_000: Is there anything more significant I can say about the order of APOE>APP>PSEN1>PSEN2>Sex>Age>Brain Region> Alzheimer’s? 
	When validating these structures with our test data, both the GMLS and the Confounding structure scored virtually the same in all tests, despite Confounding Structure’s significant higher likelihood score. 	Comment by sdlau_000: Anything else significant I should point out? 
What more should I explain about the validation test, leave one out, 4-fold cross validation, and the ROC curves. 
Relationships obtained
	There were several patterns found consistently with the GMLS and the Confounding Structure:
· The Hippocampus has greater dysregulation
· Age>65 had less dysregulation of gene expression and generally higher expressions
· Females generally had higher dysregulation of genes.
· APOE increased expression in AD
· APP, PSEN1, and PSEN2 had decreased expression in AD

	Direct relationships were found between APOE and PSEN1, as well as APP and PSEN2. Inverse relationships were found between APOE and APP, as well as APOE and PSEN2. Further investigation is needed for relationships of PSEN1 with APP and PSEN2. Many of the relationships of PSEN1 have been shown to be inconsistent. Because the direct relationships between PSEN1 and APOE and the indirect relationships between APOE and both APP and PSEN2, further analysis needs to determine if an indirect relationship in gene expression levels exist among PSEN1 and APP and PSEN1 and PSEN2. 
	Our findings have been consistent with studies demonstrating that the Hippocampus has greater gene dysregulation as compared to other brain regions (Hokama et al., 2014).
	Increased age has been associated with decreased gene expression (Calero et al., 2015; Fowler et al., 2015; Theuns and Van Broeckhoven, 2000). It was expected that those Age>65 would have lower expression and greater proportions of under expression of the genetic variables of interest when compared to those Age≤65. Surprisingly, those Age>65 tend to show less dysregulation and generally had greater expression than those Age≤65. Further investigation is necessary to determine the reason for this. 
	Our results also demonstrated that females had greater gene dysregulation and lower expressions for APP, PSEN1, and PSEN2. APOE generally was observed to have higher regulation. A higher proportion of females than males were also observed to have AD in our dataset. Together the results are consistent with the greater number of females developing AD, and the gene expression patterns associated with AD found by Tan et al. (2010). 
	Liang et al. (2008) found decreased expressions of PSEN1 within the Hippocampus, which is consistent with our results. However, our results were inconsistent with Liang’s observations of increased APP expression in AD subjects. Kurbatskaya et al. (2016) found increased APP expression in early stages of AD in response to central nervous system damage. Perhaps the lack of distinction of AD progression in our sample made it difficult to observe an increase in APP in our AD subjects. 
	Nunez-Iglesias et al. (2010) asserted that previous studies on AD differential gene expression hold little agreement with each other. This preliminary analysis attempts to characterize the relationships between APOE, APP, PSEN1, and PSEN2 and Age, Brain Region and Sex. It is important to know that in looking at our results, normal expression of all the genetic factors predominated regardless of AD state. Wang et al. (2016) found that there were not expression changes in most AD susceptibility genes, highlighting the complexity of AD and the other genetic factors and regulators that promote its onset. 
