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Finding Candidate Genes for Alzheimer's Disease 

Methods

Gene Expression Profiling

Gene expression data for the hippocampus, amygdala, and frontal lobe were 

collected from the The Allen Brain Atlas (http://www.brain-map.org) using the 

differential search option. Data was collected from four available donors: H0351., 

H0351., H0351, H0351. Data with a fold-change score greater than 3 were 

considered in this study.

Venny 2.1.0 (http://bioinfogp.cnb.csic.es/tools/venny/) was used to compare the gene 

lists from four chosen brain donors to identify genes that are common and different 

across each donor. 

Statistical analysis was done in Python Anywhere 

(https://www.pythonanywhere.com) an online programming tool.

Cluster analysis and Gene Ontology classifications were obtained with DAVID 

(https://david.ncifcrf.gov).

The STRING database (http://string-db.org) was used to identify potential interacting 

partners, pathways, and other genes relating to learning. 
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Hippocampus Amygdala

The means are comparable across donors for each brain region. The 

standard deviations are also in the same range, except for the 

amygdala: Donors 3 and 4 are around 2-fold higher. These similar 

deviations indicate a large spread in the data. Maximum and 

minimum values are also comparable for each brain region.

● Alzheimer's disease is a progressive neurodegenerative disease that affects many 

elderly individuals.

● Symptoms include extreme memory loss and confusion.

● The hippocampus, amygdala, and frontal lobe are all regions of the brain 

associated with memory and may be affected by the disease.

● In this project a systems biology approach was used to identify candidate genes 

linked to Alzheimer's disease.

● The above heat maps represent gene expression data for the three brain 

regions considered in this study. Data was collected from four human 

donor brains.

● Each column represents a sub-structure within the hippocampus, 

amygdala, or frontal lobe, respectively.

● Red regions indicate high gene expression relative to gray matter, 

whereas green regions indicate a lower expression. Black regions indicate 

equal expression  between the respective brain region and gray matter.

● The CA2 (hippocampus), basomedial nucleus (amygdala), and inferior 

gyrus, occipital lobe, parietal lobe, temporal lobe (frontal lobe) have areas 

of high gene expression that is conserved across donors.

● From these data, the top 20 most expressed within each donor and 

common genes all donors were isolated and studied.

10% of the genes are common 

between all 4 donors

29.5% of the genes are 

common between all 4 

donors 

34.3% of the genes are 

common between all 4 

donors

● Protein Kinase C is involved in cell growth 

and differentiation and relates to work 

recognition and memory. It activates 

signaling in MAPK1/3 (ERK1/2) and 

RAP1GAP. 

● EGFR helps control cell growth, playing a 

role in brain development. EGFR inhibitors 

have been experimentally linked with 

reversing the symptoms of Alzheimer’s 

disease in animal test subjects. 

● GRIN2B triggers stroke damage by inducing Ca2+

influx through NMDA receptor, causing neuronal 

death. This gene contains an NR2B subunit 

whose misregulation is commonly linked with 

Alzheimer’s disease. It is also linked with 

Amyotrophic Lateral Sclerosis and Huntington’s 

Disease

● DLG3--discs, large homolog 3--is essential for 

learning through synaptic plasticity activity 

following NMDA receptor signaling. This gene is 

also related with the cytoskeleton/synapse 

Hippocampus Frontal Lobe

These graphs illustrate the top 

20 genes with the highest fold-

change expression for each 

donor. On the x axis are the 

gene names and on the y are 

their fold-change 

expressions.Genes were 

ordered by the highest 

average fold-change across 

all four donors to the lowest 

average.

For the frontal lobe, genes 

LOC646627 and KCNV1 were 

only common across three 

donors, indicating that they 

are not as common in this 

area of the brain. Similarly, in 

the hippocampus, GABRA5 

was  only found across three 

donors. 

FOXG1 was found across all 

regions of the brain for all 

donors, expressing a high 

fold-change, and GDA had a 

high fold-change across the 

frontal lobe and amygdala 

region of the brain.

Hippocampus Amygdala Frontal Lobe 

By partitioning the common genes based on functional classification (Gene Ontology), genes relevant to 

Alzheimer’s phenotype/symptoms were found in the hippocampus, amygdala, and frontal lobe. The 

hippocampus genes were used in the subsequent network analysis due to its unique relevance to memory in 

order to identify additional genes that may be involved in Alzheimer’s. Sections highlighted* show genes that 

are connected with learning, memory, aging, and neurological systems. Genes relevant to Alzheimer’s 

specifically were found in all three regions of the brain: GRIN2B and PRKCA (hippocampus) HTR2A and 

NEUROD2 (frontal lobe) CDH4 and FOXG1 (Amygdala) 
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Above are the data distributions for the hippocampus, amygdala, and frontal 

lobe respectively. 

A commonality between all the donors is seen in the their pattern of gene 

expression; these histograms are all right-skewed. All of the donors’ 

histograms show that most genes have lower expression and  few genes are 

expressed highly. 
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Conclusions

The GRIN2B and PRKCA networks have a high degree of interconnectivity. 

Both networks contain genes that are already associated with Alzheimer's and other neurological disorders such 

as Huntington’s disease, Parkinson’s disease, Amyotrophic Lateral Sclerosis and Prion disease. 

The GRIN2B network has a concentration of genes (FAS, EGFR, PRKCA, RPS6KA2,BRAF, associated with MAP 

kinase signaling pathway which relays information from cell surface receptors to the cell nucleus 

Other candidate genes are associated with cytoskeletal/synapse function as well as cell cycle and cell death.
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