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and quantitative information in a single scan (Figure 2). A perva-
sive problem that occurs during isobaric tagging is a phenom-
enon known as precursor interference. Briefly, when a precursor
mass-to-charge (m/z) is selected for dissociation, it is isolated
from all the other peptide m/z values present in the MS1 spec-
trum with approximately a 2–3 m/z window. Very often (>60%),
other peptide species are coisolated with the intended target,
and though these contaminants are usually of lower abundance
and do not affect identification of the target sequence, all
isolated precursors generate reporter tags and are measured
collectively. The presence of these contaminants distorts the
measurement and reduces both quantitative accuracy and
dynamic range. To eliminate this problem, we employed
a recently developed gas-phase ion/ion reaction scheme,
QuantMode (Wenger et al., 2011a). QuantMode subjects each
isolated precursor to an extremely fast (!50 ms) gas-phase
ion/ion reaction that purifies the intended target prior to MS/
MS. With this strategy, we collected !1.5 million MS/MS scans,
each of which was processed using a custom in-house devel-
oped software suite (COMPASS) (Phanstiel et al., 2011; Wenger

et al., 2011b). Only peptide and protein identifications below 1%
false discovery rate (FDR) are reported here; acetylation site
assignments were subsequently localized to specific lysines
using a modified A-score algorithm (Figure S1) (Wu et al., 2011).
Alterations of protein abundance, either in vivo or during prep-

aration, can cause apparent acetylation changes, even when the
acetylation site occupancy of a protein remains unaffected.
Measuring absolute occupancy of global acetylation sites would
require the synthesis of thousands of isotopically labeled internal
standards and is thus currently impractical. Instead we imple-
mented an experimental design to generate relative acetylation
site occupancy information by quantifying both acetylation and
protein abundance. The spectrum shown in Figure 2A depicts
an MS/MS scan mapped to the peptide EMLVK(ac)LAK, a
product of digested ribosome releasing factor (MRRF). Note
the inset displays the reporter tag mass-to-charge (m/z) region,
which indicates strong upregulation of this site in WT-
CR (2-fold), Sirt3"/"-CD (7.5-fold), and Sirt3"/"-CR (11-fold)
animals. To confirm this difference is a result of increased acet-
ylation, rather than an artifact ofMRRF abundance, we examined
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Figure 2. Example Relative Acetyl Occupancy Quantitation for Site K195 on the MRRF Protein
The peptides used for calculations are highlighted within the MRRF protein sequence. Blue: Unmodified peptide sequences, spectra with reporter ion magni-

fication, and protein fold change for each condition compared toWT-CD condition. Note: the three unique peptides from five total identifications are shown here.

Yellow: TheMRRF K195 acetylated peptide sequence, spectra, and acetyl fold change for each condition compared toWT-CD. Bottom center: Results for acetyl

fold change normalized to protein fold change for each condition compared to WT-CD. See also Figure S1.

Molecular Cell

CR and SIRT3 Reprogram Mitochondrial Acetylome

188 Molecular Cell 49, 186–199, January 10, 2013 ª2013 Elsevier Inc.
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Analysis strategies 

 
•  Clustering/Dimensionality reduction approaches 
•  Network reconstruction approaches 
•  Network-based data integration 
•  Network-based interpretation 
– Gene prioritization methods 
– Gene set analysis 
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Characterizing chromatin state dynamics  
during cellular reprogramming 

Measure	
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Chromatin Module INference on Trees (CMINT) 
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Chromatin state during reprogramming is defined 
by 15 different patterns 
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Analysis strategies 

 
•  Clustering/Dimensionality reduction approaches 
•  Network reconstruction approaches 
•  Network-based data integration 
•  Network-based interpretation 
– Gene prioritization methods 
– Gene set analysis 



Network transitions during NSC differentiation 
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Critical Obstacle: Protocols are already available that direct hPSCs 
toward a hepatic fate, but resulting cells are not fully metabolically 
mature, limiting their current use in toxicological studies.  
Goal: To generate organotypic models that represent mature liver 
tissue.  
Project PI Jamie Thomson  
x first to isolate hESCs and iPSCs  
x pioneer in pluripotent stem cell biology and applying hPSCs to 

form a variety of tissues, including liver 
x team of leading experts in synthetic materials (Murphy), 

automated screening (Project Automation Scientist Brian 
McIntosh) and bioinformatics (Prof. Sushmita Roy, Dr. Ron 
Stewart). 

LIVER MAPS 

Critical Obstacle: In vitro modeling of the human central nervous 
system (hCNS) is challenging due to the extensive diversity of its 
constituent phenotypes.  
Goal: To develop a hPSC-derived screening platform that captures 
the phenotypic diversity of the developing hCNS (w/ rostrocaudal & 
dorsoventral specification). 
Project PI Randy Ashton  
x Expert on hPSCs differentiation into hCNS cells 
x Focuses on using synthetic materials and microfluidics to 

control neuronal specification  
x Team of leading experts in synthetic materials (Murphy), PSC 

biology (Thomson), automated HTS (Beebe, Brian McIntosh) 
bioinformatics (Roy, Dr. Stewart), and gene editing (Prof. Saha) 

BRAIN MAPS 

CANCER MAPS 
Critical Obstacle: Urgent need for improved in vitro testing tools 
that can more efficiently evaluate a broad spectrum of chemicals in 
conditions that closely mimic human mammary ducts.   
Goal: Apply a novel organotypic in vitro approach to recapitulate 
ER-mediated breast cancer, and to develop an AOP to identify 
chemical contributors. 
Project PI David Beebe  
x world leader in microscale systems for high throughput 

screening in biological applications 
x pioneer in human cancer biology applications 
x team of leading experts in synthetic materials (Murphy), high-

throughput screening (Dr. Kyung Sung), and cancer biology 
(Prof. Linda Shuler) 

  

VASCULAR MAPS 
Critical Obstacle: In vitro models of the human neurovasculature 
do not properly capture critical interactions between endothelial 
cells and other cell types of importance to tox screening.  
Goal: Develop hPSC-derived organotypic vascular networks (w/ 
pericytes/astrocytes) for toxin HTS. 
Project PI Nader Sheibani  
x Recognized leader in developmental and pathological 

angiogenesis 
x Focuses on studying chemical disturbances of vascular and 

neurovascular function 
x Team of leading experts in synthetic materials (Murphy, Dr. 

Ali Saghiri), PSC biology (Thomson), and automated HTS 
(Beebe) 
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MERLIN-P: Integrative inference of gene 
regulatory networks 
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MERLIN-P 

Gene expression data 

Favor regulators that are supported 
by both expression and prior 

Siahpirani & Roy NAR 2016  



Publicly available and new RNA-seq data used to 
construct network 

11
,89

2 g
en

es
 

97 samples from 11 different experiments 13	



Overview of inferred NSC regulatory network 
Network	stats	(FDR<0.01)	
Network	property	 Value	

Regulators	 2,081	

Targets	 4,072	

Edges	 6,448	
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RUNX2, HOXB9, FOXQ1)  
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Network predicts regulatory connections among 
HOX genes 
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Analysis strategies 

 
•  Clustering/Dimensionality reduction approaches 
•  Network reconstruction approaches 
•  Network-based data integration 
•  Network-based interpretation 
– Gene prioritization methods 
– Gene set analysis 



Systems biology studies to understand host 
response Influenza virus infections 
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Transcriptome	

Proteome	

Different	dosage	and	
1me	points	

What	are	key	
regulators	of	host	
response?	

What	are	the	regulatory	
networks	driving	host	
response?	

Yoshi Kawaoka 

Amie Eisfeld 



Step	1.	Learn	host	response	
regulatory	module	networks	
from	mRNA	using	MERLIN	

Step	2.	Iden1fy	protein	
regulators	for	each	module	

Step	3.	Predict	physical	
regulatory	subnetworks	
connec1ng	mRNA-	and	protein-
based	regulators	

Integrative reconstruction of 
the host response regulatory 
network 
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Module-level regression models to integrate 
mRNA and protein levels 
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Type	I	Interferon	signaling,	
producOon	and	response	

Interferon	signaling,	apoptosis,	
membrane,	extracellular	matrix	
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Human 
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Expression-based		
Regulators	
(MERLIN)	

Protein-based	
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(Sparse	regression)	



Physical regulatory program connects known 
immune response regulators to novel genes 
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Concluding thoughts 

•  Clustering/dimensionality reduction 
–  General patterns of expression/activity 
–  Useful for exploratory analysis and interpretation of large datasets 
–  Co-clustering could be used to characterize unknown genes and samples 
–  Example tools: CMINT, PCA, Kmeans clustering 

•  Network reconstruction 
–  Infer the connectivity among the genes and regulators 
–  Needed for prioritization of important nodes and interpretation 
–  Example tools: MERLIN, MERLIN-P, GENIE3, Inferelator 

•  Network-based integration and interpretation 
–  Integrating gene hits from different assays, e.g. differentially expressed genes 

with genes from screening assays 
–  Gene prioritization 
–  Example  tools: Subnetwork identification, OmicsIntegrator 



Summary 
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Modules per cell type 
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proximally

Gene
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distally

Gene 

NIH U19AI106772 (Kawaoka), US EPA 83573701 (Murphy) 

NIH U19AI106772 (Kawaoka), US EPA 83573701 (Murphy) 

Mapping	regulatory	connecOons	 InterpreOng	regulatory	connecOons	


