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PAPER CHOSEN:

“Construction and Analysis of the Protein-Protein Interaction 

Networks Based on Gene Expression Profiles of Parkinson’s 
Disease” (Hindol Rakshit1, Nitin Rathi2, Debjani Roy3*)

• Parkinson’s disease is the second most common 

degenerative disorder after Alzheimer’s disease.

• Currently there exists no cure, so improving diagnosis time 

and treatment is essential.

• The most extensively studied PD-related genes are SNCA 

and LRRK2, but this paper aims to find more possibly 

important genes that are less studied.



PIPELINE: DATA & NORMALIZATION

• GSE8397 dataset from GEO database was analyzed in the paper.

• It contains 47 brain tissue samples: (each sample was analyzed on two gene chips)

• 15 samples from medial substantia nigra (MSN) of Parkinsonian brains

• 9 samples from lateral substantia nigra (LSN) of Parkinsonian brains
• 8 samples from MSN of healthy brains (control)

• 7 samples from LSN of healthy brains (control)

• 5 samples from front cerebral cortex (FCC) of Parkinsonian brains

• 3 samples from FCC of healthy brains (control)

• First, the data was normalized using the gcrma method.

• For Chip A statistical analysis, they used 2-tailed-t-test (with P<0.001) and SAM (with 

0.19% FDR). For Chip B, only 2-tailed-t-test was done (P<0.05).

• In contrast, we only used the quantile function to remove the lowest 4%, and 
empirical Bayes methods from the limma package for statistical inference.



PIPELINE: ANNOTATION & DGE ANALYSIS

• To convert Affymetrix IDs to gene symbols, they used the EASE tool (Expression 

Analysis Systematic Explorer), which is a pathway analysis software.

• Instead, during the internship we used the select function from the 

Bioconductor package.

• For GO and KEGG pathway analysis:

• They used FatiGO – powerful procedure to extract GO terms that are 

significantly over or under represented in sets of genes.
• We used the clusterProfiler package in R – supports overrepresentation 

test and gene set enrichment analysis of Gene Ontology.



PIPELINE: PPI NETWORKS AND PATHWAY ANALYSIS

• After using FatiGO to find the over-representative biological 

processes, molecular functions, cellular components and 

KEGG pathways that involve DE genes, it was determined 

that DEG were most abundant in biological processes.

• Thus, these genes were used to construct QQPPI networks. 

• Genes2FANs and POINeT were used to construct these 

networks.

• The two networks were separately viewed using Cytoscape.

• The two networks were combined to form one final network 

which was visualized using the graph editing software, yEd.





WHAT I DID:

• Gcrma normalization method.

• Simpleaffy (QC plot) and RLE and NUSE histograms done for quality control 

(before and after normalization) 

• No outliers found.

• Annotation using the select function from Bioconductor package.

• Limma package was used just like in the internship to find the differentially 
expressed genes and create the volcano plot and heatmap

• P<0.05 was used as threshold for statistically significant genes.



Most upregulated genes

Most downregulated genes





GENE ONTOLOGY GRAPH 

(ENRICHGO)
This is just for downregulated 

genes. There were 25 

statistically significant and 

highly down regulated genes 

(logFC < -2).

There were only 4 statistically 

significant and highly up 
regulated genes (logFC > 2).



THINGS LEARNED:

Technical Area:

• Main steps in performing Microarray 

analysis;

• Tips on how to read a research 

paper;

• Most relevant steps in a 

bioinformatics pipeline

• Importance of each step (such as 

normalization, annotation);

• Analyzing gene expression data 

using external tools such as DAVID;

• Creating PPI networks with STRING.

Tools:

• GEO database, R packages 

(Bioconductor, limma, 

clusterProfiler, ggplot)

• Asana, GitHub, Slack, 

StemAway forum, Python

Soft Skills:

• How to build a resume

• The importance of maintaining a 

network on Linkedin and trying to 

grow it everyday

• Divergent thinking tips as well as 

presentation tips



CHALLENGES FACED:

• R taking a long time to perform various tests/read the data

• Not being sure when to stop hoping and re-load my whole 

environment

• Trouble understanding the different types of figures in the initial paper

• I have no background in statistics so I always had to look at what each 

type of test meant

• Making small mistakes such as giving the wrong type of argument and 

taking a lot of time to troubleshoot



FUTURE PROJECTS PROPOSAL

• Continuing after the basic functional analysis with analysis of 

interacting mRNAs and construction of a ceRNA network, as in the 

initial paper.

• Spending more time on functional analysis and the biological 

implications of the results.

• Although it might involve a lot of mathematical background 
knowledge, I think it could be interesting to do some topological 

analyses and find potential relevant genes not only based on how DE 

they are, but on what their role is in each pathway.



ACHIEVEMENT HIGHLIGHTS:

 Became comfortable with the StemAway platform, as well as with 

talking to a relatively large group and presenting.

 Understood the importance of each step in a bioinformatics pipeline 

and the biological meaning behind all terms in the paper.

 Became comfortable with R and became familiar with all different 

types of plots such as a heatmap and a volcano plot.



EXCITEMENT ABOUT BIOINFORMATICS

I realized how wonderful it is to be able 

to analyze so many expression levels at 

the same time and the power that this 

method provides to researchers when 

they try to find potential genes that 

could be good targets for treatment 

options. 


