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Crossing Gene Sets from GlyGen, GTEx, MoTrPAC and
RummaGEO Reveals Nicotinamide as a Potential
Modulator of Glycosylation, Aging and Exercise
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Abstract
Biomedical omics resources are often treated as separate collections, which fragments insight and limits the
ability to see sharedmechanisms across diverse biological contexts. By crossing gene sets from four Common
Fund librariesGlyGen Glycosylated Proteins, GTEx TissueSpecific Aging Signatures, MoTrPAC Rat Endurance
Exercise Training Transcriptomics, and RummaGEO Drug Perturbation Signatureswe sought to uncover genes
that are present in every dataset, reasoning that suchmaximal overlap highlights robust, reproducible signals.
The GlyGen set contributed extracellular glycoproteins whose carbohydrate modifications influencematrix
stability and innate immune clearance, while the GTEx aging signature captured blood expression changes
associated with advancing age. The MoTrPAC exercise transcriptome added genes responsive to endurance
training, reflecting physiological adaptation, and the RummaGEO nicotinamide perturbation signature intro-
duced a drugrelated component that aligns with the observed pathways. The intersecting ten genesAMBP,
APCS, APOC4, APOH, C8A, FGA, FGB, FGG, HRG and SERPINA6are all extracellular proteins central to hemosta-
sis, complement activation and inflammatory regulation, and enrichment analyses consistently pointed to
coagulation, fibrinolysis, platelet function and nuclear receptor transcriptional programs. Together these
findings illustrate how integrating multiple Common Fund datasets can reveal a coherent biological module
and suggest relevance of the nicotinamideassociated perturbation to coagulationrelated and inflammatory
processes.
*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 Gly-
Gen Glycosylated Proteins [4], GTEx Tissue-Specific
Aging Signatures [5], MoTrPAC Rat Endurance Exercise
Training Transcriptomics [6], and RummaGEO Drug
Perturbation Signatures [7] datasets. Among the top-
ranked crossings, we identified an overlap with rank 9
and a p-value of 3.30466e-11 warranting further inves-
tigation.
The G48414YA signature derives from the GlyGen li-
brary and comprises proteins that are phosphorylated
by the glycan [4]. The GTEx Blood 2029 vs 7079 Up sig-
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nature comes from the GTEx aging collection [5]. The
T30BloodRna Female 2W Down signature originates
from the MoTrPAC transcriptomics resource [6]. The
GSE157594 6 V 4 NICOTINAMIDE MOUSE DN signature
is part of the RummaGEO drug perturbation set [7].

Methods
The GlyGen Glycosylated Proteins dataset was pro-
cessed from human proteoform glycosylation site
citation datasets from GlyGen [4]. Citations from pub-
lications linking glycans to proteins they glycosylate
were harmonized from the UniCarbKB, Harvard, and
GLyConnect datasets to formanedgelist of proteins gly-
cosylated by each glycan. Glycan-protein associations
from the edgelist were transformed to form gene sets
and collected into a GMT file. The GTEx Tissue-Specific
Aging dataset was constructed using gene expression
count data from theGenotype Tissue Expression (GTEx)
Portal [5]. Sample metadata was filtered to create
groupsof sampleswithmatching tissue typeanddonor
age ranges. Differential expression analysis was then
performed comparing young (20-29) control tissue
samples against older samples from matched tissue
types to create tissue-specific aging signatures. These
signatures were then filtered to create sets of genes
modulated in older tissue and collected into a GMT file.
The MoTrPAC Rat Endurance Exercise Training dataset
was processed from transcriptomic data from the
Molecular Transducers of Physical Activity Consortium
(MoTrPAC) Data Hub [6]. Differential expression data
fromMoTrPAC 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 ex-
ercise timepoint. 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. RummaGEO is a webserver de-
veloped to enable expression signature search against
human andmouse RNA-seq studies deposited to GEO
[7]. To enable this search, offline processing auto-
matically identified groups of samples were based on
shared conditions and differential expression analysis
was performed. The RummaGEO Drug Perturbation
Signatures dataset was processed by querying the
RummaGEOmetadata search API to identify a subset
of signatures where one condition included a control
term and the other included a drug. Gene sets for each
signature in the subset were combined to construct a
GMT file. The workflow starts with selecting the Gly-
Gen Glycosylated Proteins, GTEx Tissue-Specific Aging
Signatures, MoTrPAC Rat Endurance Exercise Training

Transcriptomics, and RummaGEO Drug Perturbation
Signatures datasets. Genematrix transpose (GMT) files
were retrieved from the CFDE Workbench [1]. GMTs
were crossed to analyze all possible combinations of
one gene set from each library. For each combination,
the p-value was computed by computing the hyperge-
ometric 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 9 was selected for further inves-
tigation, and the intersecting gene set was extracted.
The terms involved in the crossing were extracted from
their respective gene set library and used to create a
4-way Venn diagram. The intersecting gene set was
submitted to Enrichr [8]. The gene sets were enriched
against the GO Biological Process 2023 [9], KEGG
2021 Human [10], ChEA 2022 [11], and GWAS Catalog
2019 [12] 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-,3-, and 4-way intersection are labelled.

The crossing had a rank of 9, p-value of 3.304661e-11,
and Jaccard index of 0.005513. The intersecting gene
set identified 10 genes appearing in all involved sets
(Figure 1). The intersecting gne set consists of AMBP
APCS APOC4 APOH C8A FGA FGB FGG HRG, andSER-
PINA6. Functional enrichment analysis of the gene set
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Figure 2. Enriched Terms for Intersecting Gene Set. Enrichment analysis of the up-regulated gene signature
using Enrichr [8]. Bar charts display the top significantly enriched terms from four libraries. A. GO Biological
Process 2023 [9], B. KEGG 2021 Human [10], C. ChEA 2022 [11], and D. GWAS Catalog 2019 [12]. 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.

identified associations with Plasminogen Activation
and Induction Of Bacterial Agglutination from enrichr,
Complement and coagulation cascades andPlatelet ac-
tivation from enrichr, RXR and CEBPA from enrichr, and
Cholesterol efflux capacity and Blood pressure mea-
surement from enrichr (Figure 2).

Discussion
These intersecting proteins are largely extracellular
glycoproteins that influence matrix stability and in-
nate immune clearance. AMBP encodes bikunin, the
lightchain component of intertrypsin inhibitor com-
plexes that bind hyaluronan to stabilize the extracellu-
lar matrix andmodulate inflammation [13–15]; APCS
produces serum amyloid P component, a short pen-
traxin that binds amyloid fibrils and late apoptotic cells,
facilitating their phagocytic removal and influencing
tissue homeostasis [16–18]; C8A encodes the subunit
of complement component C8, whose microhetero-
geneity includes multiple glycosylation events that af-
fect membrane attack complex formation and stabil-
ity [19]; HRG functions as anopsonin that bridges apop-
totic and necrotic cells to phagocytic receptors via hep-
aransulfate interactions, a process dependent on zinc-
mediated binding and glycosylated domains [20–22];
SERPINA6 encodes corticosteroidbinding globulin, a

plasma carrier that binds cortisol and modulates its
systemic availability, with its activity regulated by hor-
monal and inflammatory cues [23–25].
These glycoproteins also converge on coagulation and
complement cascades where carbohydrate modifica-
tions influence functional assembly. The fibrinogen
chains FGA, FGB and FGG together form the hexam-
eric fibrinogenmolecule whose domains mediate fib-
rin polymerization, crosslinking and clot stability, pro-
cesses essential for hemostasis andwoundhealing [26–
29], [30–32], [33–35]; C8As glycosylated subunit partic-
ipates in the terminal steps of complement activation,
enabling pore formation that lyses target cells [19];
HRG interacts with plasminogen and factorXIIa, modu-
lating fibrinolysis and contactdependent coagulation
pathways [36, 37]; APOH binds anionic phospholipids
on apoptotic cells and forms stable complexes with ox-
idized LDL, linking lipid recognition to coagulation and
immune responses [38, 39].
The enrichment profile reveals a coherent emphasis
on hemostatic and inflammatory pathways that is re-
flected across several libraries. Geneontology results
highlight terms such as plasminogen activation, fib-
rinolysis, blood coagulation and positive regulation
of vasoconstriction, indicating a strong signal for co-
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agulation and vascular tone modulation [9]. Parallel
KEGG enrichment underscores this theme with the
complement and coagulation cascades, platelet ac-
tivation and neutrophil extracellular trap formation,
further reinforcing the involvement of clotting and in-
nate immune mechanisms [10]. Transcriptionfactor
analysis from ChEA points to nuclearreceptordriven
regulation, with prominent enrichment for RXR, CEBPA,
LXR, ESR1 and HNF1A, suggesting links to hormonere-
sponsive transcriptional programs [11]. The GWAS-
derived library adds a clinical dimension by associat-
ing the same gene sets with traits such as cholesterol
efflux capacity, blood pressure, Ddimer levels and ve-
nous thromboembolism, which align with the coag-
ulation and lipidmetabolism signals observed in the
other analyses [12]. Together these crosslibrary pat-
terns indicate that the gene sets are strongly tied to co-
agulation, platelet and complement activity while also
being linked to nuclearreceptor transcription factors,
producing complementary signals across the different
enrichment sources.
The analysis identified a highly significant overlap of
ten extracellular glycoprotein genes that are central
to hemostasis and innate immune processes, reinforc-
ing the relevance of these pathways to the intersect-
ing datasets. Enrichment across Gene Ontology, KEGG
and GWAS libraries consistently highlighted coagula-
tion, fibrinolysis, complement activation, platelet func-
tion and related vascular tone regulation, while tran-
scriptionfactor profiling linked the gene set to nucle-
arreceptor driven programs. Deepdive literature syn-
thesis confirmed that the overlapping proteinsinclud-
ing fibrinogen chains, complement subunits, serum
amyloid P, and corticosteroidbinding globulinact extra-
cellularly to modulate matrix stability, clot formation
and immune clearance, with glycosylation influencing
their activity. The convergence of these findings with
the agerelated blood expression signatures and the
nicotinamideperturbed mouse model supports the hy-
pothesis that the shared gene set reflects coordinated
regulation of coagulation and inflammatory responses
in the biological contexts examined. An unexpected
element was the appearance of APOH, a lipidbinding
protein, which suggests a possible link between lipid
handling and the observed hemostatic signatures but
warrants further investigation. Overall, the results vali-
date the original research question by demonstrating
that the intersecting gene set is strongly associated
with coagulation, complement and nuclearreceptor
transcriptional pathways across the examined condi-
tions.
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