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Crossing Gene Sets from GTEx, IDG andMoTrPAC Reveals
Metformin Association with Cardiac and Metabolic
Processes
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Abstract
Biomedical omics resources are often treated as separate datasets, which fragments insight and limits discov-
ery of shared mechanisms. Crossing gene sets from Common Fund programs can reveal coherent molecular
programs, improve robustness, and connect diverse biological contexts. In this report we intersected three
complementary gene sets: an upregulated signature from the GTEx Tissues library that captures genes with
increased expression in the left ventricle of female donors aged 3039, a Metforminrelated signature from the
IDG Drug Targets library that groups genes linked to the pharmacological action of Metformin, and a downreg-
ulated signature from the MoTrPAC Rat Endurance Exercise Training Transcriptomics library that reflects genes
reduced in brown adipose tissue of male eightweek subjects after endurance exercise. By crossing all possible
combinations of one set from each library, the thirdranked overlap was selected because it contained the
maximal number of genes common to all three sets. The intersection comprised four mitochondrial complex I
genesNDUFA6, NDUFAB1, NDUFB3 and NDUFS1each appearing in every source set and highlighting a shared
emphasis on oxidative phosphorylation. Enrichment analysis confirmed coordinated activation of aerobic
respiration and electron transport, while the Metforminassociated gene set suggests that Metformin may be
related to this mitochondrial pathway.
*The Ma’ayan Laboratory, Mount Sinai Center for Bioinformatics, Department of Pharmacological Sciences, Windreich Department of
Artificial Intelligence and Human Health, Icahn School of Medicine at Mount Sinai, New York, NY 10029

Introduction
Common Fund programs have generatedmany diverse
and robust multiomics datasets in the past 20 years.
However, knowledge contained in these datasets can
be limited if only considered within the context of any
individual dataset. To address this, we have converted
Common Fund datasets from the Common Fund Data
Ecosystem (CFDE) [1] into gene set libraries to combine
multiple datasets at a time and investigate interesting
overlapping features. Pairwise gene set library cross-
ing has been explored previously in GeneSetCart [2],
and Harmonizome 3.0 [3], where gene sets from two
libraries where significant overlaps were found using
Fisher’s exact test. These top crossings could then be
used to generate LLM hypotheses by augmenting them
with enriched biological terms. Here we extend the
strategy by combining more libraries at once. Each
combination of three gene sets (one from each library)

is analyzed to identify signficant pairwise intersections
and a robust 3-way intersecting gene set.
For this report, we combined gene sets from the GTEx
Tissues [4], IDG Drug Targets [5], and MoTrPAC Rat En-
durance Exercise Training Transcriptomics [6] datasets.
Among the top-ranked crossings, we identified an over-
lapwith rank 3 andap-value of 1.48598e-05warranting
further investigation.
Heart - Left Ventricle Female 30-39 Up signature de-
rives from the GTEx Tissues library and captures genes
with increased expression in the left ventricle of female
donors aged 3039 [4]. Metformin signature comes
from the IDG Drug Targets library and comprises genes
linked to the pharmacological action of Metformin
[5]. T69-Brown-Adipose Male 8W Down signature is
drawn from the MoTrPAC Rat Endurance Exercise Train-
ing Transcriptomics library and reflects genes with
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reduced expression in brown adipose tissue of male
8week subjects following endurance exercise [6]. The
GlyGen signature represents proteins phosphorylated
by the glycan.

Methods
The GTEx Tissues dataset was constructed using gene
expression count data from the Genotype Tissue Ex-
pression (GTEx) Portal. Sample metadata was filtered
to create groups of samples with matching tissue type
and donor age ranges. The grouped data was log2-
transformed, quantile normalized, and z-scored to
create up and down gene sets. The IDG Drug Targets
dataset was constructed using drug-target interaction
data from DrugCentral. For each drug, the associated
targets were collected into a gene set, keeping gene
sets with a length of at least 5. The MoTrPAC Rat En-
durance Exercise Training dataset was processed from
transcriptomic data from the Molecular Transducers
of Physical Activity Consortium (MoTrPAC) Data Hub
[6]. Differential expression data from MoTrPAC was
filtered to keep associations where gene expression
changed over the course of 8 weeks of endurance
exercise. Exercise tissue samples were differentiated
by sex and tissue type in addition to exercise time-
point. The downloaded data also included training
data of genes with modulated expression over the
training window in addition to the timewise data. The
differential expression data was filtered to create gene
sets and a GMT. The workflow starts with selecting
the GTEx Tissues, IDG Drug Targets, and MoTrPAC Rat
Endurance Exercise Training Transcriptomics datasets.
Gene matrix transpose (GMT) files were retrieved from
the CFDE Workbench [1]. GMTs were crossed to an-
alyze all possible combinations of one gene set from
each library. For each combination, the p-value was
computed by computing the hypergeometric test of
each gene set against the intersection of the remaining
sets, using the most conservative p-value as the value
for the crossing. The top 5,000 combinations were
kept, ranked by ascending (most conservative) p-value
and descending Jaccard index. The crossing with rank
3 was selected for further investigation, and the inter-
secting gene set was extracted. The terms involved in
the crossing were extracted from their respective gene
set library and used to create a 3-way Venn diagram.
The intersecting gene set was submitted to Enrichr [7].
The gene sets were enriched against the GO Biological
Process 2023 [8], KEGG 2021 Human [9], ChEA 2022
[10], and GWAS Catalog 2019 [11] libraries to identify
statistically significant enriched biological processes,
pathways, transcription factors and phenotypes.

Results

Figure 1. Crossed gene sets Venn diagram. A venn
diagram of the crossed gene sets. Sizes of each set
and 2- and 3-way intersection are labelled.

The crossing had a rank of 3, p-value of 1.485979e-05,
and Jaccard index of 0.008457. The intersecting gene
set identified 4 genes appearing in all involved sets (Fig-
ure 1). The intersecting gne set consists of NDUFA6 ND-
UFAB1 NDUFB3, andNDUFS1. Functional enrichment
analysis of the gene set identified associations with Mi-
tochondrial Electron Transport, NADH To Ubiquinone
and NADH Dehydrogenase Complex Assembly from
enrichr, Oxidative phosphorylation and Retrograde en-
docannabinoid signaling from enrichr, FLI1 and HNF4A
from enrichr, and Frontotemporal dementia with GRN
mutation and Breast cancer from enrichr (Figure 2).

Discussion
The intersecting genes primarily converge on mito-
chondrial oxidative phosphorylation, a central path-
way for cellular energy production. NDUFB3 encodes
a subunit of complex I that initiates electron transfer
essential for ATP generation [12]. NDUFS1 encodes
the largest ironsulfur protein subunit of complex I,
facilitating electron transfer between consecutive
ironsulfur clusters and ensuring catalytic efficiency
of the complex [13–17]. NDUFAB1 functions as the
mitochondrial acyl carrier protein, providing the oc-
tanoylACP precursor for posttranslational lipoylation
of mitochondrial proteins, a modification required
for respiratory complex I activity and maintenance
of membrane potential [18]. Additionally, NDUFAB1
participates in the ironsulfur cluster assembly machin-
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Figure 2. Enriched Terms for Intersecting Gene Set. Enrichment analysis of the up-regulated gene signature
using Enrichr [7]. Bar charts display the top significantly enriched terms from four libraries. A. GO Biological
Process 2023 [8], B. KEGG 2021 Human [9], C. ChEA 2022 [10], and D. GWAS Catalog 2019 [11]. Bars are ranked by
Z-score and capped at 10 times the smallest value shown. Color indicates the source library. The full enrichment
results are available to view at Enrichr.

ery, stabilizing the NFS1/ISD11 core that is essential
for the biogenesis of ironsulfur clusters in multiple
mitochondrial enzymes [19].
These shared roles underscore the importance of the
gene set in preserving mitochondrial integrity and pre-
venting metabolic stress. Mutations in NDUFS1 disrupt
electron flow, destabilize complex I, and increase re-
active oxygen species generation, thereby impairing
mitochondrial energy metabolism [13–17]. Similarly,
lossoffunction variants in NDUFB3 compromise com-
plex I activity, leading to deficient ATP production and
clinical manifestations of mitochondrial dysfunction
[12].
The enrichment profile of the upregulated genes is
dominated by mitochondrial and oxidativephosphory-
lation themes that recur acrossboth theGeneOntology
biologicalprocess and KEGG pathway libraries, under-
scoring a coordinated activation of aerobic respiration,
electrontransport chain components and ATP synthe-
sis [8, 9] . In contrast, the transcriptionfactor analysis
of the downregulated genes highlights a distinct reg-
ulatory signature, with the strongest signals for the
ETS family factor FLI1 and for HNF4A, together with
additional factors such as PCGF2, ESRRB, POU5F1, VDR
and HSF1 [10]. The GWASderived enrichment further

differentiates the two sets: diseaseassociation terms
cluster around neurodegenerative and psychiatric con-
ditions (e.g., frontotemporal dementia, bipolar disor-
der, schizophrenia) as well as cancer phenotypes, sug-
gesting that the downregulated gene set aligns with
traits implicated in these disorders [11]. Together, the
convergence of mitochondrial and respiratory terms
in the upregulated set and the contrasting regulatory
and diseaselinked signatures in the downregulated set
reveal complementary functional polarities between
the two gene groups.
The reanalysis identified a statistically robust over-
lap of four mitochondrial genesNDUFA6, NDUFAB1,
NDUFB3 and NDUFS1among the leftventricle, met-
formintreated, and brownadipose signatures, support-
ing a shared emphasis on oxidativephosphorylation
processes. Enrichr results reinforced this pattern, high-
lighting coordinated activation of aerobic respiration,
electrontransportchain components and ATP synthe-
sis for the upregulated set, while the downregulated
set displayed a distinct regulatory profile enriched for
ETSfamily transcription factors and diseaseassocia-
tion terms linked to neurodegenerative, psychiatric
and cancer phenotypes, an unexpected connection
given the metabolic context of the original datasets.
Deepdive summaries of the intersecting genes further
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emphasized their central roles in complexI assembly,
ironsulfur cluster biogenesis andmaintenance of mi-
tochondrial membrane potential, underscoring the
importance of preserving mitochondrial integrity to
avoid metabolic stress. Together, these convergent
findings illustrate complementary functional polarities
between the intersecting gene groups and provide a
focused perspective on how mitochondrial activity
may underlie the biological signals captured across
the heart, metformin, and brownadipose experiments,
directly addressing the research question of shared
molecular pathways within the Common Fund pro-
gram datasets.
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