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Abstract
The introduction of fracking as a method of oil and natural gas extraction has 
made it possible for oil companies to remove massive amounts of crude oil and 
natural gas from areas that would previously have been prohibitively expensive to 
extract. The risks of environmental damage and bioaccumulation of the heavy 
metals frequently found in fracking chemical mixtures have led to some concern, 
and a push to examine the effects of fracking exposure on wildlife. Over the 
course of this project, we utilized transcriptomics data to analyze the correlation 
between gene expression and brook trout exposure to various environmental 
factors associated with stream fracking exposure. The transcriptome data were 
generated from fish taken from a series of streams in July of 2015, along with 
several years of water quality data measures taken for those same streams for 
several years prior to the fish collection. The data were analyzed in R via the 
Weighted Gene Coexpression Network Analysis method, which works by 
clustering the transcript reads into a series of modules and comparing the overall 
expression of the modules against a set of traits or environmental factors. In our 
preliminary results we found that there was a significant correlation between the 
gene expression of some modules and exposure to mercury in 2014, and an even 
stronger set of correlations between some modules and a set of water quality 
measures associated with fracking in 2015.

Methodology Results Conclusions and Further Study
• It was found that in the modules constructed 

from both signed and unsigned networks, 
there was a significant positive correlation 
between the mercury found in trout in 2014, 
and gene expression in the trout used in this 
study

• Fracking factors for 2015 all showed 
negative correlations with gene expression

• The pH of the water in 2015 showed a 
negative correlation with gene expression 
for some modules

• The positive correlation between mercury 
found in fish taken in 2014 and gene 
expression should be examined more 
closely, especially given prior literature 
findings that showed a connection between 
the presence of fracking, and the levels of 
mercury in the water2
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Introduction
RNA transcriptomics has become an increasingly powerful tool for analyzing 
the activity of an organism’s cells. The transcriptome can give information on 
which genes are most active4, but it has the drawback of containing so much 
information that it can be difficult to sort through in a timely manner. Weighted 
Gene Co-Expression Network Analysis (WGCNA) attempts to solve this issue 
with the use of module eigengenes that stand in for groups of expressed 
transcripts3.

Module eigengenes are mathematical constructs that WGCNA constructs from 
groups of transcripts with similar connectivity, which allows them to be 
clustered together into modules4. The module eigengene is then used to 
represent the entire module, which allows the researcher to compare a handful 
of the module eigengenes3 to a set of organism traits or environmental factors 
in place of running thousands of comparisons for each individual gene.

The WGCNA package in R allows a researcher to run these analyses with a 
high degree of customizability4, permitting the analysis to be run on vastly 
different datasets, and with very different sets of factors for the organism traits 
or environmental factors. In this instance, the WGCNA has been used to 
analyze the relationship between a set of environmental factors measured in a 
series of Pennsylvania streams, and the transcriptomics information for the 
fish removed from those streams, with special attention paid to environmental 
factors relating to fracking in the affected areas.

The presence of fracking byproducts in streams has been shown to affect 
brook trout living in those streams2, and this report provides an initial analysis 
of the genes that have seen a change in expression level in correlation with 
the presence of certain environmental characteristics, and the presence of 
some types of fracking infrastructure.

Fig. 1 This figure shows the process that was followed in R for 
analyzing the data via Weighted Gene Coexpression Network 
Analysis(WGCNA). The gene ontology was carried out using 
TopGO, a separate R package that allowed us to compare the 
transcripts contained in each of the modules generated by the 
WGCNA process to external information about the function of 
each of the transcripts. 

Fig. 2 This figure shows the results of the relation of the 
signed modules to the environmental characteristics. 
Significant correlations were found between the red module 
and water pH in 2015 (r = -0.58, p-value = 2x10-4), and the 
brown, turquoise, and grey modules were found to correlate 
significantly with the fracking environmental factors after being 
analyzed for group significance.

Fig. 3 This figure shows the correlation between the 
environmental factors, and the unsigned modules. There were 
no outright significant correlations due to the number of 
comparisons, but additional Chi-squared analysis showed 
some significant broader trends in mercury levels in 2014, pH 
in 2015, and in the 2015 fracking factors.

Fig.4 [8] This figure shows the effects of different types 
of mercury exposure on fish embryos. The mercury used 
in this study by Dong, et. al. was delivered directly to the 
fish embryos, and the results they produced indicate that 
there may be some benefit to further study of the 
connection between gene expression and mercury 
exposure
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