Motivation

e There 1s an obesity epidemic 1n the United States
o More than 2 in 5 adults have obesity.!

o Obesity rates rose from 30.5% 1n 1999-2002 to 41.9% 1n 2017-March
2020, while severe obesity rates almost doubled, from 4.7% to 9.2%.!

UCGSE  Investigating Obesity at the Population,

University of California
San Francisco

Mouse Study
P athway, and Gene Levels Sought to study interferon alpha response using a mouse model. ADARI

wildtype (WT) and knockout (KO) mice were used as model systems to

of action.

o Obesity (for which BMI 1s the standard measure) 1s a significant risk !Cardiovascular Research Institute, University of California, San Francisco

factor for diseases such as type 2 diabetes, hypertension, and

atherosclerosis.*”

e (besity causative factors

Human Study

Dataset: Cohort of METabolic Syndrome In Men (METSIM) population study (GEO accession

o Obesity onset is influenced by genetic and environmental factors.* GSE135 Methods:

o Known causative genes for monogenic obesity: LEP, LEPR, POMC,

PCSK1, MC4R, SIM1, BDNF, NTRK2.*

134): transcripts-per-million (TPM) RNA-seq data for abdominal subcutaneous fat tissue

samples from 434 male subjects of varying ages and BMIs.®

Aashna S Oﬂil and Biao Wan g, Pth identify ADAR1’s RNA-editing sites to understand its regulatory mechanism

Dataset: raw RNA-sequencing data (FASTQ format): 3 fat tissue samples of
mice under WT ADARI1 and 3 under KO ADARI1 conditions.

1. Raw sequencing reads were processed based on their quality metrics.

2. Reads were aligned to the reference genome using STAR.

o Pathways involved 1n pro-obesity mechanisms: tissue inflammation, Methods: 3. Multiple open-source packages designed to identify RNA-editing sites

insulin resistance, and adipogenesis.*>

e The drug hydroxychloroquine, used to treat the autormmune disease
lupus (which causes inflammation), has been shown to improve insulin

sensitivity in diabetic patients.°

We are interested 1n further exploring links between inflammatory pathways, 3
fat cell functionality, and metabolic syndromes (specifically obesity) to
1dentify genes that could be targets of personalized treatments in the future.

Biological Background

ADARI: RNA-editing enzyme that converts adenosine to inosine in cellular Results:

double-stranded RNA (dsRNA) to mark it as “self.””’

e Acts like a master switch, prohibiting activation of the type 1 interferon obesity, interestingly, the interferon alpha response (part of type 1 interferon signaling) ranked 21 in
response; proper functioning is required to prevent autoinflammation.’ enrichment in the obese phenotype. This pathway was the focus of further investigation.

e While ADARI1 has been well-studied in the context of viral infections and

cancer, little 1s known about 1ts role 1n adipose tissue.

Approach: High Level

Analyze human subcutaneous adipose tissue
RNA-seq data to identify pathway(s) linked to

obesity

Validate these pathway(s) through the analysis of
constituent genes

Use a mouse model system to study these
pathway(s) mechanistically, 1.e. understand the

mechanism of action of their major positive or

negative regulatory protein(s)

1. Data processing: genes for which greater than 80% of the patient samples had an expression value
noted:

of 0.0 were removed, TPM values were log-transformed (log2(TPM + 0.001)), and patients were

categorized into obese and healthy weight based on BMI values.

)*1% was conducted to identify pathways enriched in obese

2. Gene set enrichment analysis (GSEA

and healthy weight phenotypes.

Validation of select pathway(s):

a. Log-transformed TPM expression values of genes within the pathway were plotted against BMI
values of patients, linear regression was performed, and p-values were obtained.

b. Average log2 fold-changes 1n expression between obese and healthy weight phenotypes of

genes known to be significant in the pathway(s) were calculated.

among biological replicates, showing that the results were unreliable.
c. REDItools Denovo pipeline'*: limited in that it works optimally only
when a small portion of the genome 1s probec

were tested on control datasets and the mouse data, and limitations were

a. RNAEditor!"!“: aligner it uses (BWA) is not splice-aware and is thus
suboptimal for analyzing RNA sequencing data.
b. SPRINT?": produced small overlap in RNA-editing sites common

. So, coding regions were

probed for RNA-editing sites. While the number of editing sites was
consistent among biological replicates, there was no statistically

significant change 1n the number of coding region editing sites between

While most of the highly-enriched pathways found through GSEA are known to be correlated with

The expression values of many genes within this pathway strongly correlate with BMI. replicates.

Specific genes (p-value <0.05): IRF7, IFI30, ISG1)5, ISG20, [FITM?2, GBP2, and IFITM3. See
Figure 1 for example plot.

KO and WT conditions.

Future Plans

As ADAR1’s editing sites are mostly located in noncoding regions (99% of
the genome), there 1s a need for a tool that can accurately identify sites in
these regions and produce results that are reproducible among biological

Implement, test, and revise a newly-designed statistical framework to

identify ADAR1’s RNA-editing sites in coding and noncoding regions.

Genes known to be regulated by ADARI1 showed significant log2 fold-change in expression between
healthy weight and obese phenotypes. See Table 1.
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Figure 1: Scatterplot for IFI30 ADARI-regulated genes
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Use 2 different splice-aware aligners to align mouse
fat RNA sequencing reads to the reference genome
to minimize aligner bias

STAR aligner

Proposed Framework

HISAT?2 aligner

“&"—" ’

Identify variants in KO and WT samples using
GATK HaplotypeCaller with standard quality
filtering parameters

Stringent filtration to identify potential ADARI
RNA-editing events:
« Filter out known SNPs using dbSNP databasc
« Filter out sites based on read coverage and
reference allele metrics
« Filter out non-A-to-G or -T-to-C editing cvents

Validate results by confirming concordance of
editing sites among biological replicates (3 WT
samples, 3 KO samples)

Use 2 clustering methods to identify editing islands
and visualize the distribution of editing sites across
different genomic regions (UTRs, exons, introns,
regulatory elements, repetitive clements)

K-means clustering

DBSCAN

Compare editing sites and islands obtained to
known sites in REDIPortal, DARNED, and
RADAR databases to identify novel editing events




