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COBRE for Computational Biology of Human Disease  
at Brown University: Progress and Prospects
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ABSTRACT  
We provide a program update on the COBRE Center for 
the Computational Biology of Human Disease (CBHD) at 
Brown University and affiliated hospitals. High through-
put data from multiple ‘omics-level’ technologies are 
fundamental factors in identifying and treating human 
disease. The acquisition of these data is now straight-
forward, but the efficient and creative interpretation of 
these data remains a serious impediment to progress for 
faculty at all levels in both the basic and translational 
aspects of biomedical science. The CBHD COBRE seeks 
to build close collaboration between laboratory scientists 
working with model systems and data scientists working 
with computational and bioinformatics tools that can 
accelerate human disease research implementation. We 
describe the accomplishments of junior faculty Project 
Leaders (9) and Pilots Project leaders (8) and the objec-
tives of the CBHD COBRE’s core facility: The Computa-
tional Biology Core (CBC). To extend the CBHD COBRE’s  
reach in the future, we encourage one and all to visit the 
CBHD COBRE and bring your data sets and questions. 
Only by engaging with new people and challenges can the 
program grow to serve the broader biomedical research  
community in the State of Rhode Island.

KEYWORDS:  bioinformatics, data science, genomics, 
reproducibility  

INTRODUCTION

Discovery in the biomedical sciences today requires exper-
tise in computational biology and bioinformatics. The diver-
sification of genome-enabled technologies has created a data 
deluge that can only be rendered useful by accelerating com-
putational and bioinformatic innovation. Notable examples 
are the discoveries emerging from the Pan Cancer Analy-
sis of Whole Genomes1, the Genome Aggregation Database  
(gnomAD)2 and the ENCODE3 release.3 These massive 
efforts by teams of computational, laboratory, and clini-
cal scientists are defining the molecular and bioinformatic 
landscapes for new research in the biomedical sciences. 
All researchers will benefit from accessing, engaging, and 
contributing to these resources through their research pro-
grams. For junior faculty in early stages of their independent 

careers, or more senior researchers employing wet-lab or 
clinical approaches, realizing the full benefits of these  
computational resources can be a significant challenge. 

This reciprocal relationship between biomedical advances 
and computational sophistication demands that scientists 
pursuing the basic biology of human disease must have a 
working knowledge of the effective application of computa-
tional and bioinformatic resources. When the revolution in 
molecular biology began in the 1980s, disparate biology fields 
were unified by a common language of DNA cloning, hybrid-
ization, expression, and creative manipulation. The bound-
aries between biochemistry, cell biology, evolution, and 
genetics were rendered permeable by methods that allowed 
researchers to ask common questions. The computational 
revolution has the same effect today but on a broader scale. 
Researchers across all the STEM fields are making signifi-
cant contributions to computational biology with relevance 
to human disease’s basic biology. The engineering advances 
allowing long-read sequencing, or single-cell transcriptom-
ics have the needs for data structures enabling efficient 
processing of massive sequence files, which has spurred sta-
tistical geneticists to develop novel analysis tools. These, in 
turn, allow clinicians and wet-bench molecular biologists to 
pursue entirely new questions about human disease.

This context is the motivation for the COBRE for the 
Computational Biology of Human Disease (CBHD). To keep 
pace with biomedical progress, all researchers need to build 
‘omics-enabled’ computational approaches into the ecosys-
tem of their research program, and to be successful, most 
people will need support for the development of these skills. 
In many institutions, bioinformatic analyses are commonly 
provided in a core facility that performs analyses for bio-
medical researchers. In this kind of service role, the science 
behind the computational and algorithmic analyses may 
be ‘outsourced’ by the biomedical researcher, reducing the 
need for those individuals to develop skills in these areas. 
The CBHD COBRE seeks to extend this service model by 
building a community where the biomedical researcher 
and the computational biologist are part of the same team 
and work together to design, execute, analyze, and inter-
pret genome-enabled inquiry as a unified workflow. The 
CBHD COBRE aims to help researchers from complemen-
tary disciplines build advanced computational and bioinfor-
matics approaches into collaborative research programs. To 
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make this effort thrive, the COBRE 
seeks to assemble a diverse com-
munity of biomedical researchers 
whose individual questions may 
differ widely, but whose underlying  
analytical questions share lots of 
common ground. By building a com-
munity where these approaches and  
ideas can cross-fertilize, junior fac-
ulty will not only reach indepen-
dence more rapidly, but faculty at 
all levels will be better equipped to  
advance the later stages of their 
careers by managing the data deluges  
that will undoubtedly emerge in the 
future. 

Most COBRE programs invest in 
a Core Facility that provides critical 
equipment that individual research-
ers cannot acquire independently. 
The CBHD COBRE has devoted all 
its core facility resources to hiring 
data scientists and building a Com-
putational Biology Core (CBC) facil-
ity. The four CBC staff members 
have the necessary computational or 
bioinformatic expertise to support 
junior faculty Project Leaders (PLs). 
Through collaboration with Brown 
University’s Advance Research Com- 
puting group, they eventually pro-
vide this service to the broader 
biomedical community in Rhode 
Island. This approach has filled a 
much-needed gap in the research 
environment at Brown leading to 
multiple successful NIH and NSF 
awards to the junior faculty Project 
Leaders. In the first five years of the 
CBHD COBRE program, we have 
learned how to support for a wide 
range of researchers from molecular 
biologists with no computational 
skills to statistical geneticists seek-
ing help with software engineering. 
Based on these learned experiences, 
in the next phase of the CBHD 
COBRE we seek to extend and 
strengthen the Center with support 
for a new cohort of Project Lead-
ers and increased support for the 
CBC staffing that will broaden the 
reach of the CBHD COBRE beyond 
COBRE investigators. The COBRE 
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Project Leader Grant Institute  Project Title Dates Total Costs

Phase 1 Initial Project Leaders    

Jamieson R01 NIHLB
Influence Of The Lung 
Microbiome On Macrophage 
Responses To Lung Damage

4/18–
3/23

$2,437,369

Neretti R01 NIA
The Role Of Somatic Trans-
position In Age-Associated 
Genomic Instability

9/17–
8/22

$2,176,898

Ramachandran

R01 NIGMS
Novel Statistical Methods To 
Localize Genomic Elements 
Underlying Adaptive Evolution

2/17–
1/21

$1,607,269

T32 NIGMS
Predoctoral Training Program In 
Biological Data Science At Brown 
University

7/18–
6/23

$942,600

Vaishnava R01 NIDDK
Role Of Epithelial Cell Intrinsic 
Vitamin A Metabolism in Regula-
ting Immune Function in The Gut

7/18–
6/23

$2,256,411

Phase 1 Pilot Awardees     

Belenky

R21 NCCIH

Dietary Fiber To Mitigate 
Antibiotic-Induced Microbiome 
Dysbiosis: A Multi-Omics 
Approach

7/18–
6/20

$487,500

R01 NIDDK

Relating Impacts of Antibiotics 
on the Gut Metabolome and 
Microbiome to Host Physiology  
and Weight

9/20–
8/25

$2,536,655

AFRI USDA
Mitigating antibiotic-induced 
microbiome disruption with whole 
grains

6/20–
5/23

$500,000

Beura
Searle 
Scholar

Adaptation of Resident Memory 
CD8 T Lymphocytes in the 
Reproductive Mucosa

7/20–
6/23

$300,000

Crawford

Sloan 
Fellowship

 
Deep Learning in the Discovery  
of Gene Interactions in Disease

9/19–
8/21

$75,000

R35 MIRA NIGMS

Interpretable Machine Learning 
for Characterizing Broad-sense 
Heritability in Complex Traits and 
Rare Diseases

9/20–
8/25

 $1,869,560 

Ene R21 NIAID

Defining The Roles Of 
Perseverance And Hetero-
resistance In Persistent Human 
Fungal Infections

6/18–
5/20

$446,875

Webb R01 NIA
Molecular Mechanisms Underlying 
The Preservation Of Neural Stem 
Cell Quiescence During Aging

7/17–
6/22

$2,269,826

Wood R03 NIA
Transcriptomic and epigenomic 
landscape of neurodegenerative 
disease models

1/21–
12/22

$318,000

Total $18,223,963

Total: R01s and R35 only    $15,153,988

Initial COBRE Grant $11,500,000

Table 1. Grant support to junior faculty members who have been supported by the CBHD COBRE. The 
top half of the table lists the initial Project Leaders, the bottom half lists Pilot awardees, four of whom 
have transitioned to Project Leader status (Belenky, Crawford, Ene, Wood), and one who is a Project 
Leader in this Phase 2 proposal (Beura). Names in red are Project Leaders awarded R01/R35 support 
and have or will graduate. The total costs listed are for the duration of the grants awarded.
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welcomes new requests for analyses of ‘omics scale data 
sets, experimental  designs, and software engineering to be 
successful. Only though the increased engagement with the 
larger community can we hope to reach the goal of sustain-
able computational biology support for the broader biomed-
ical community at Brown University, its affiliated hospital 
research centers, and all researchers in Rhode Island.

PROGRESS

Research grants from junior faculty Project Leaders (PLs) 
The CBHD COBRE has provided support for five initial 
PLs, six replacement PLs and eight Pilot Awardees in Phase 
1. The PLs and Pilot awardees have successfully obtained 
external funding, with six R01s and an R35 MIRA awarded 
to date. Four of these awards were to the initial PLs and the 
remaining three were to Pilot awardees, two of whom tran-
sitioned to PLs after initial PLs graduated with R01 funding. 
Other notable grant successes are a T32, a USDA grant, two 
R21s, an R03, Searle Scholar Award and a Sloan Research 
Fellowship (see Table 1). 

Publications and Presentations 
The Project Leaders and Pilot awardees have been productive 
in publishing during Phase 1 of this COBRE. Table 2 lists 
the number of peer-reviewed publications by each COBRE 
investigator, whether a Project Leader or Pilot awardee. A 
similar activity is apparent in the number of conference 
presentations by these Project Leaders, or students in their 
laboratories. 

Transitions of junior investigators 
The Phase 1 project included five initial junior faculty PLs. 
Four of these PLs have received independent R01-level fund-
ing and graduated from COBRE support. The CBHD Pilot 
Program funded two one-year awards each year for four of 
the five years, supporting eight Pilot Awardees. As the initial 
PLs graduated, Pilot Awardees applied to fill these positions, 
ultimately supporting 11 PLs. Seven PLs have graduated 
from the CBHD COBRE program during Phase 1. Of the 
eight Pilot awardees, five have been recruited to full Project 
Leader status with a sixth Pilot Awardee being recruited as 
a PL in Phase 2.

Build the Computational Biology Core (CBC) 
An important accomplishment of the Phase 1 project, and 
an ongoing goal of the CBHD COBRE, is to build and main-
tain the CBC. Based on surveys of analysis needs across the 
Brown biomedical community, three requests emerged: 1) to 
provide analysis and computing support for large-scale bio-
medical datasets for COBRE PLs; 2) to create and maintain 
a shared data repository and interfaces for projects within 
the COBRE and for additional projects in the local research 
community; and 3) to serve as a locus of formal and informal 
training, discussion and exchange of ideas on computational 
and statistical issues related to human disease (See Figure 
1A). Hiring staff in this area is challenging given the compet-
itive market for computational skills in the biotechnology 
industry. Four PhD-level data scientists staff the Compu-
tational Biology Core, and efforts are in place to continue 
the COBRE support to ensure this level of expertise can be 
maintained. The primary responsibility of the CBC staff is 
to support the COBRE PLs and Pilot Project awardees. To 
date this has included a wide range of activities from data 
analysis (RNA-seq, microbial 16S analysis as metagenomics, 
variant calling, CutandRun analyses for mapping DNA bind-
ing, and single-cell RNAseq) to software engineering (new 
software tool or expanding the application of a PL’s in-house 
development). This work with COBRE PLs has led to joint 
publications in both biomedical discoveries and software 
development.4,5 

To expand CBC’s reach to the broader Rhode Island bio-
medical community outside the COBRE PLs, the CBC staff 
have been developing reproducible bioinformatic workflows 
that are freely available and built-in Docker or Conda envi-
ronments that increase portability to different operating sys-
tems ranging from personal laptops to Linux clusters. The 
focus has been on developing an infrastructure for long-term 
sustainability following best practices for: a) reproducibility 
in analysis, b) software engineering processes and procedures 
for building tools, and c) documentation (See Figure 1B). 
The tools for running standard bioinformatics workflows 
and streamlined storage of reference data are available at 
the CBC website (cbc.brown.edu). In addition, the CBC has 
partnered with other research centers at Brown, such as the 
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Project Leader Year started
Peer-reviewed 
Publications

Conference 
Presentations

Belenky 2017 17 10

Beura 2020 0 0

Crawford 2018 8 26

DeCecco 2019 5 0

Ene 2018 5 4

Huang 2019 5 0

Jamieson 2016 12 29

Lisi 2019 5 8

Neretti 2016 16 22

Ramachandran 2016 15 36

Singh 2020 0 0

Uzun 2016 12 21

Vaishnava 2016 6 8

Webb 2017 9 11

Wood 2019 0 3

Total 115 178

Table 2. Peer-reviewed publications and conference presentations by 

CBHD PLs and Pilot Awardees.
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Brown Center for Biomedical Informatics (BCBI), the Center 
for Computational Molecular Biology (CCMB), and Brown’s 
central computing operation the Center for Computation 
and Visualization (CCV), to develop standardized procedures 
for the transfer and storage of large and restricted data sets 
(e.g., Globus, dbGaP). An advantage of devoting a COBRE 
Core facility to human resources (four data scientists) rather 
than specific pieces of equipment, is that equipment can 
become obsolete, but engaged data scientists can continue 
to learn. Clearly, both kinds of resources require continued 
support to remain a cutting-edge service facility. The main 
approach the CBHD COBRE is taking in pursuit of this goal 
is by learning from the broader community and integrating 
with other Centers and RI IDeA programs.

Outreach, training and workshops  
for the broader community 
The CBHD COBRE and CBC’s long-term goal is to serve as 
a hub for training by offering workshops and other forms 
of outreach to the broader Brown biomedical community. 
This has been realized through workshops on several bio-
informatics workflows, such as RNAseq, microbiome anal-
yses, and Ingenuity Pathway Analysis (IPA), among others. 
An important component of this outreach is the Open Office 
Hours program. Any user from the Rhode Island biomedical 
community can receive guidance on computational or bioin-
formatics analyses (the schedule for making an appointment 
is on the CBC website: cbc.brown.edu/services/#consulting). 
The CBC has had more than 228 participants in workshops 
from 59 departments (including 8 clinical), 41 participants 
in Office Hours from 17 departments, 86 participants in the 
IPA sessions, and 49 general consulting sessions (see Table 3  
and Figure 2). These outreach activities provide service 
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Figure 1. Objective of the Compu-

tational Biology Core (CBC) of the 

CBHD COBRE. 

A. (top) Three primary objectives of 

the CBC. 

B. (bottom) Approach for enhancing 

reproducible data analysis by investi-

gators and increasing portability 

of analyses to multiple operating 

systems. Efforts in these areas start 

with COBRE Project Leaders, and 

grow out to the broader community.

CBC Service Workshops Office Hours IPA Consulting

Unique Users 228 41 86 49

Departments 59 17 28 14

Faculty 34 9 35 13

Grad Students 94 17 26 17

Postdocs 44 7 6 11

Undergrads 21 2 5 4

Other Staff 35 6 14 4

Total 228 41 86 49

Table 3. Numbers of individuals from the Brown biomedical community 

engaged in various services provided by the Computational Biology 

Core (CBC).

Figure 2. Distribution of visits to different components of the Com-

putational Biology Core’s (CBC) workshops, office hours and training 

sessions, available to all members of the Brown biomedical community.
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to the broader community and provide a picture of future 
needs for sustainability. The diversity of departments that 
have participated indicates there is a broad user base for 
future analyses. It has led to plans for collaborative efforts 
to seek external funding to support additional CBC staff in 
the future.

Accommodating this growing base of researchers has been 
greatly facilitated by the collaborative relationship between 
the CBHD COBRE and the Advanced Research Computing 
(ARC) group that resides within Brown’s Center for Com-
putation and Visualization (CCV). The ARC group provides 
computing services for other units at Brown outside the 
biomedical sciences, offering depth in computational, sta-
tistical and informatics expertise that can strengthen the 
domain-specific skill sets behind computational biology 
sensu stricto. This affiliation creates an integrative work-
ing environment where new approaches are freely shared 
enabling creative solutions to researchers’ needs (see Figure 
3). Extracting useful information from high-throughput tech-
nologies have blurred the boundaries between traditional 
topics in biostatistics (e.g., experimental design, multi-hy-
pothesis testing), applied mathematics (e.g., graph and net-
work theory, diffusion processes), and computer science 
(efficient algorithms, software engineering, database man-
agement, machine learning, etc.). This affiliation between 
the four CBC data scientists and 15 ARC staff creates an 
integrative working environment where new approaches are 
freely shared. By working in a diverse, supportive ecosystem, 
the team will learn more and stay current with best practices.

PROSPECTS

Lessons learned 
The first five years of the CBHD COBRE have provided les-
sons in how to achieve sustainability into the future. A key 
factor is to adapt to changing service needs as the COBRE 
investigators graduate and are replaced, and as other mem-
bers of the RI biomedical community seek assistance with 
their research. The pace of change in genomic and compu-
tational technologies has only accelerated in recent years, 

as has the breadth of researchers needing access to these 
technologies in the Rhode Island biomedical community. 
Microbiome analyses were in high demand among our ini-
tial cohort of PLs, and this has been replaced with single-cell 
RNAseq and various methods for quantifying chromatin 
accessibility. Single cell transcriptomics was an emerging 
technology a few years ago but has become a routine appli-
cation. Notably, there are at least 15 different computational 
analysis pipelines for interpreting these data.6 Moreover, 
machine learning has exploded across all of data science 
with deep and wide applications in biology and medicine. 
Thus, the ‘computational biology of human disease’ covers 
a wide range of topics from wet-bench molecular biology to 
‘omics’-scale data sets, to software engineering. Sustaining 
excellence in this area for the State of Rhode Island can only 
be achieved by integrating with the other Centers, Institutes 
and IDeA programs across the State. 

Integration with Centers, Institutes, and IDeA Programs 
All of the IDeA programs in Rhode Island, by definition, 
strive to enhance biomedical research excellence in the 
State. The focus on medical and translational concerns is 
explicit in some programs (e.g., Advance-CTR), but research 
on non-human model organisms can take center stage in 
other programs. An important goal for the breadth of IDeA 
programs in RI is to maintain this support by coordinat-
ing resources across programs to avoid redundancies and 
enhance collaboration. The CBHD COBRE initiated a coor-
dinating meeting with of Core Facilities Managers for all 
IDeA program in December 2019 to share goals, identify pos-
sible overlaps and collaborations, and ensure that resources 
are complementary. While all IDeA program had Design and 
Analysis Cores to meet each program’s specific needs, there 
was little overlap among the various Core facilities in imme-
diate goals or expertise. From the perspective of computa-
tional and bioinformatic analyses of omics-scale biomedical 
data, the CBHD COBRE’s Core (CBC) remains highly com-
plementary to other IDeA Program Core facilities, as well as 
other research entities at Brown, the affiliated hospitals and 
URI. The RI-INBRE supports several Core facilities includ-
ing a dedicated PhD staff person in Bioinformatics (Dr. Chris 
Hemme). The relationship between the RI-INBRE Bioinfor-
matics Core and the CBHD COBRE is highly collaborative 
and complementary, especially in microbiome research. 
Dr. Hemme has worked with COBRE PL graduate Dr. Peter 
Belenky at Brown to initiate the Rhode Island Microbiome 
Consortium, hosting a Symposium in late 2019. In addition 
to being at different institutions, the demand for bioinformat-
ics work through the RI-INBRE network is such that there 
is no overlap in our COBRE CBC services and the RI-IN-
BRE bioinformatics services. This kind of collaboration is 
what will increase capacity and sustainability in the future.

In seeking to build the strength of biomedical 
research excellence in RI, we will continue to maintain 

Figure 3. Collaborative relationship between the CBC and the ARC 

within the larger CCV and CBHD COBRE environments.
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communications among these programs and ensure that 
the resources developed by each program can build the net-
work of excellence that the IDeA program intends. The rela-
tionships among these entities is illustrated in Figure 4. In 
conclusion, and looking to the future, the simplest thing a 
researcher in Rhode Island can do is to come visit the CBHD 
COBRE and bring your data sets and questions. Only by 
engaging with new people and challenges can the program 
grow to serve the broader biomedical research community in  
Rhode Island.

Figure 4. Relationships between the COBRE Computational Biology 

Core (CBC) and other academic and service units at Brown, its affiliated 

hospitals and other IDeA programs in Rhode Island. The CBC is the  

only entity offering genome-enabled computational services to the 

Brown biomedical community. CCV is  the Center for Computation  

and Visualization.
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