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Introduction: 

• Huntington’s Disease is a disorder which causes the death of nerve cells in the

brain. This disease is inherited and is known to cause a range of symptoms

including behavioral and movement disorders. Ultimately as the disease

progresses, it will cause a patient to lose their ability to move and/or speak

(http://hdsa.org/what-is-hd/)

• Because this project is on the effects of the Huntington’s Disease on learning, the

hippocampus is the region of the brain investigated.

Method:

• The source for the gene expression data is The Brain Atlas (http://www.brain-

map.org/). Using the differential search in the database allowed for a direct

comparison of gene expression between the target structure (in this case the

hippocampus) and the contrast structure (gray matter). The data used for this

project was collected from four of the six donor brains:H0351.2001, H0351.1009,

H0351.1015, H0351.1012. Individual donors will be referred to as Donors 1-4

respectively. The heat map, under Gene Expression Profiling, was obtained from

six donors provided at the database.

• Venny 2.1 (http://bioinfogp.cnb.csic.es/tools/venny/) was used to find the common

genes within the four donors and these results were later used for cluster analysis.

• PhythonAnywhere (https://www.pythonanywhere.com) is a cloud-based IDE. This

was used to run a code in Python to calculate various statistics of the fold change

values.

• Cluster analysis was done using DAVID (https://david.ncifcrf.gov/).

• The String Database (https://string-db.org/) was used to determine any genes

related to the candidate genes obtained from DAVID.

• Gene Weaver ( www.geneweaver.org) was used to determine if any of the genes

from the STRING datase has any association with learning.

Part 1: Gene Expression Profiling

The heat map above shows the gene expression patterns for six donor brains. This is

useful because it gives an idea of the areas of the hippocampus that are the same

across six donor brains and the areas which differ. The areas in black indicate that

compared to the control (the gray matter), the certain gene (shown in the y-axis) has

an average gene expression in that particular part of the hippocampus (the x-axis).

Red indicates that the gene is over-expressed and Green indicates that the gene is

under-expressed in that particular part of the hippocampus.

Part 2: Common Genes

The resulting Venn Diagram after compiling the gene names indicate that 28.8% of

the genes were common among the four donors. This represents154 common

genes which ill be later used for cluster analysis.

Part 3: Top 15 Genes with the Highest Expression

The charts below show the top 15 genes and their fold-change value for the four donor brains. Fold Change in this case

refers to the difference in gene expression in the hippocampus relative to the gray matter. Let's take Donor 1 as an

example: we see that the gene expression for LIPG is approximately 22 times greater in the hippocampus than in the gray

matter. The blue bars in the charts are the genes which are common in all four of the donors and the bars in red are the

genes unique to the individual donor brain.

The common genes which were consistently in the top 15 for at least three of the donors were: FEZF2: transcription

regulation, BHLHE22:brain development, SLC17A7:neurotransmitter transport/development, NEUROD6:trancription

neuronal differentiation/development, and NTS:neuronal signaling. Of these, only FEZF2 was in the top 15 genes with the

highest fold change values for all four donor brains.

Part 4: Statistical Analysis:

The means of the fold change values for the genes expressed were relatively constant among all four donor brains

(averaging to about 5). The maximum fold change values were somewhere around 18 and the minimum fold change

values were around 5 for each of the donors. This approximates a range of about 13 for each donor. Considering that

the standard deviation (labeled as std above) is around 2, it is apparent that there is not very much dispersion among

the fold change values. This can lead to the conclusion that the majority of the genes expressed should have a fold

change value close to the mean which is 5. This can be further illustrated in the histograms shown below (histograms of

Donor 3 and 4 are shown on top right) comparing the fold change values on the x-axis with the frequency of that values

in the y-axis for all four donors. Note that the histograms are NOT depicting the genes that are most abundant, but the

frequency of the fold change value themselves.

Notice how all of the histograms are right skewed and there are fewer genes with high fold change

values. The majority of the genes have a much lower fold change value.

Part 5: Gene Classification

After filtering through any genes of interest in the list of genes common across the four donor brains,

GRIN2B was singled out as the one gene associated with Huntington’s Disease (shown above).

Final Results and Conclusion:

A final step was used to determine if any of the three genes associated with Huntington’s Disease,: GRIN2B,

DLG4, and GRIN1, have been previously associated with learning. Results from the GeneWeaver database

supports that all three genes have been linked to maze learning and associative learning (below).

GRIN2B: Maze Learning, Discrimination Learning, Associative Learning, Memory

DLG4: Maze Learning, Associative Learning, Thinking

GRIN1: Discrimination Learning, Maze Learning, Associative Learning, Memory

Given that three genes in the interaction network have bee associated with learning and linked to Huntington’s

Disease, the other genes identified in the interaction network may be good targets for follow up study.

A network analysis of protein interactions based on experimental evidence using GRIN2B as the seed node

revealed multiple other genes/proteins linked to GRIN2B (shown above). Among these, two were also notably

associated with Huntington’s Disease: DLG4: signaling at neuoronal synapses and GRIN1.:Glutamate

receptor


