
Automated Pipeline for Large-scale Temporal Community Metabolic Modeling 
The size and scale of data production has outpaced our ability to integrate the resulting stream of data 
into a meaningful prediction of phenotypic outcome. Emerging ‘omics technologies such as 
metagenomics, metatranscriptomics, and metabolomics provide an opportunity to unite disparate data 
types to enhance our understanding of individual systems. Below are some projects that will directly 
enhance our ability to integrate data: 
 

1. Metabolite Inference for improving metabolic model reconstruction 
The advent of high throughput untargeted metabolomics has lead to a unique opportunity to 
directly measure the metabolic activity of the microbiome. While untargeted metabolomics 
produces data on a large number of metabolites, not all of these are identified leading to a large 
amount of uncertainty. However, it is often possible to combine this knowledge with metabolic 
network reconstruction to reduce ambiguity and identify metabolic pathways. 

2. Metabolic Community Modeling 
The bulk of metabolic biomarkers and therapies have been assessed using cross sectional data 
between case and control. This leaves out perhaps the most important feature of the microbial 
ecosystem—time. The goal of this project will be to build dynamic metabolic models of the 
microbial community capable of predicting ecological succession and changes in relative 
abundance between microbes and to test these models using germ free mice. 
 

These projects are seeking students that are highly motivated to learn about the microbiome and 
metabolic models in a healthcare context.   The ideal student would have some familiarity and 
experience using scripting and software languages such as python, perl, or java.  In addition, experience 
with large data management and analytics is highly desirable. 
 
Use of Advanced Analytics and Big data for prevention and prediction of complications 
Due to advances in Big Data technologies, the use of deep and machine learning techniques within the 
healthcare setting has increased exponentially.   Much of the focus has been on development of 
algorithms that can predict or even prevent complications through intervention.  Given the preliminary 
benefits, Mayo has invested in developing big data infrastructure to accelerate discovery of new 
intervention models for patients.  With this infrastructure, Mayo has initiated a number of new projects 
that seek expertise in data mining and machine learning.  Below are a few projects that represent the 
different projects at Mayo: 
 

1. Seizure prediction in canines with epilepsy 
The project will focus on developing methods for predicting epileptic seizures using a canine 
model.  The student would be part of team that focuses on collection of various data types 
include EKG data, integrating the data for analysis and development of algorithms.   

2. Prediction of Surgical Complications 
The project will focus on developing algorithms/methods for prediction of surgical complications 
(e.g. Bleeding, Infection) at various time points such as pre, during and post-surgery.  The 
project would leverage a variety of data that is found in the EMR and supporting systems.  In 
addition to the prediction model they would need to develop methods for data quality, 
integration, and data gaps. 
 

These projects are seeking students that are highly motivated in developing new methods and models 
for early patient intervention and optimal care.  The students must have strong applied statistical 



background along with skills in analytical software like R.   Also, having scripting language experience 
would be beneficial.   
 
 
 
Providing self-service Natural Language (NLP) processing applications utilizing Big Data to 
Clinicians and researchers.   
 
Over 85% of relevant patient information is stored in unstructured notes which have stifled secondary 
use of this data.  To overcome this challenge Mayo has been implementing NLP infrastructure leveraging 
big data technologies (e.g. Storm, Elastic Search, HBase) to accelerate the searching and annotation of 
unstructured text within the EMR.  These advances in technologies have now allowed for development 
of tools and application that allow general users like physicians and researchers to leverage complex NLP 
functionality. 
 
This project will focus on developing and enhancing NLP pipelines and application using big data 
technologies.  Also, the project will have opportunities to work on real-time data ingestion and data 
integration to optimize the NLP annotation. 
 
This project is seeking students that have interest in big data technology and/or natural language 
processing methods.  The student must have Java and Java script skills along with Linux knowledge.  
 
NGS Pipeline Automation 
 
As Next Generation Sequencing (NGS) continues to decrease in cost and increase in both speed and 
output, Mayo has set a goal of sequencing ~ 100,000 genomes per year.  However, today we are unable 
to meet this level of demand due to process bottlenecks, code parallelization, meta-data gaps and 
scalable infrastructure.  The project would be focused on development of infrastructure, code/algorithm 
optimization and new application development. 
 
This project is seeking students that are motivated by developing and optimizing bioinformatics 
infrastructure.   The student should have experience in software engineering including experience in 
Linux, HPC, Java, R and other scripting languages. 
 
 
Data Visualization 
 
With the increasing rate of sequencing data the visualization of this complex data for interpretation and 
discovery has become a necessity within research and clinical care.  To respond to this need, Mayo has 
developed a team focused on developing applications and tools for visualization.   Below is an example 
of a project the team is working on: 
 

1. Clinical Interpretation Workbench 
Mayo uses multiple complex datatypes for research discovery and clinical care. Data from 
DNA/RNA/Microbiome/Structural Variants/Fusions/Indels/Expression/…  are generated, and need 
to be visualized in a meaningful way, on a single “workbench” tool. This work supports Mayo’s 
Individualized Medicine Service Lines, Genetic sequencing laboratory consultants, researchers and 



bioinformaticians. A visualization framework, utilized by one visualization tool, and capability to add 
others in a single user experience, modular fashion is necessary to support current and future 
analysis. This work will be implemented for clinical care as well as research discovery. 
 

These projects are seeking students that have a desire to developing tools/applications for complex data 
visualization and analytics.  The student should have experience with developing web application using 
java scripts.  

 
 


