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Work in progress: Building Engineering Skills for the Genomics 
Revolution, a Genomics Technologies and Analysis Course for 

Biomedical Engineers 
 
Over the past decade, development of next-generation sequencing technologies has led to 
dramatic changes in how genetic information is gathered and analyzed 1. These changes have led 
to substantial improvements in biomedical research and medical practices, including 
personalized cancer care and preventative procedures based on genetic backgrounds 2–5. 
Biomedical and bioengineering students are entering a world where understanding how to obtain 
and analyze large-scale genetic data is a valuable skill. Bioengineers are uniquely positioned 
address many of the large challenges in the genomics field, as these challenges require 
individuals with skills in biology, computation, and design. However, many degree programs do 
not include coursework in this area. Though there is literature describing genomics courses for 
first year undergraduates, nursing students and medical residents, none were found for 
engineering students6–9.  
 
To address this need and provide our students with an opportunity to develop the skills necessary 
to advance genomics and its applications, I have developed a genomics technology and analysis 
course for advanced undergraduate students and graduate students: Genomics Era Sequencing 
and Analysis. This work-in-progress describes the design and implementation of the course, 
currently in its second offering.  This course is innovative both in its content and structure. The 
course materials are available at https://github.com/krthickman/Genomics-Technologies-and-
Analysis-Course, and may be used as a template for teaching bioengineers to enter and lead in 
genomic technology and analysis development. Pedagogical innovations of the course, such as 
low-stakes quizzes, are transferrable to any bioengineering course.  
 
This course explores the 
technological advances 
that enabled the 
development of next-
generation technologies, 
including the 
bioengineering 
constraints and criteria 
for developing these 
technologies. We focus 
on the currently available 
tools including 
NanoString, llumina 
MiSeq and HiSeq, 
IonTorrent, Pacific 
Biosciences, and the 
Oxford NanoPore. With 
few computational and 
technical prerequisites, 
students acquire the skills 

Table	1:	Course	Learning	Objectives	and	Alignments	with	ABET	Outcomes.	



to assess the pros and cons of each technology in isolation and in comparison to each other, to 
conduct quantitative analysis of large genomic data sets, and to consider technical advances that 
could facilitate the collection and analysis of new data to answer outstanding questions.  
 
The course objectives for the course are listed in Table 1. These align with a number of the 
ABET objectives as indicated. 
 
Student Profiles and Course Structure 
This elective course is intended for advanced undergraduates and graduate students with 
backgrounds in bioengineering, though it is open to all advanced students in the university. In its 
offering in Spring 2016, 70% were bioengineering undergraduates and 30% bioengineering 
graduate students. In the current offering, Spring 2017, there are 50% each of undergraduate and 
masters students. Prerequisites for the course include an undergraduate biology course or an 
equivalent that provides the basics of genes and genomes. It is recommended that students have 
courses in biochemistry, genetics, or biological system analysis. It is not expected that students 
can write a program to analyze data, but they should be comfortable using a command line 
programs whether in Java, Python, MatLab or R.  
 
The course provides an opportunity to gain analytical skills commonly used in this area of 
bioengineering by performing hands-on analysis of genomic data commonly used in this area of 
bioengineering. Statistical theories that underlie the analysis software are discussed and 
demonstrated with in-class activities. The course has two 80-minute lectures and a 3-hour 
computer lab section each week. The lab section is an addition from the first offering of the 
course, and is intended iteration to expand opportunities to analyze data. In these lab sessions, 
students use state-of-the-art analytical tools for genomic analysis that are used in current 
bioengineering research. These freely available tools run on Mac and Linux environments. These 
labs build familiarity with common genomics software and skills to analyze complex data. 
Students will be performing many basic genomic analyses, including de novo genome assembly 
and annotation, RNA-Seq alignment and analysis, and association studies with phenotypes. As 
we have limited access to high-performance computing facilities, we mostly work with smaller 
datasets. We discuss the computational needs for scaling data and students will complete 
analysis-based reports at the end of each analytical module. These reports are used to assess 
student mastery and achievement of the performative and analytical learning objectives. 
 
Though this course is not flipped, I am using some of these techniques to provide low–stakes 
assessments to help students acquire metacognition of their own learning 10,11. In particular, 
students take weekly online reading quizzes before class through the course Canvas site. 
Students are able to retake these quizzes up to five times to enable them to identify material they 
need to review. The quizzes are graded to incentive students to complete them. These quizzes 
provide low–stakes practice opportunities demonstrated to improve student learning 11–13. In 
addition to providing feedback to the students about their learning, these quizzes identify areas 
that need extra emphasis in lecture 14,15. They are not intended to determine if students have met 
the learning objectives of the course, so are not used in evaluating the course. 
 
Students perform a final project that focuses on synthesizing the material they learned in the 
class and exploring their interests in this area more fully. These projects include defining 



engineering design criteria and constraints of current or proposed genetic sequencing 
technologies, or analysis of a chosen data set. Undergraduate students work in teams of 2-3 and 
graduate students work alone. Graduate students present their project to the class. These projects 
demonstrate the skills gained by the students during the course, and are used in evaluation of the 
conceptual learning objectives.  
 
During the first offering, students completed a variety of final projects. Some students focused 
on technical descriptions of current DNA sequencing tools, including the Agena Mass Array 
system and GnuBio’s single-cell sequencing platform. These evaluations demonstrated strong 
understandings of the technology underlying these tools and their strengths and limitations. A 
number of students performed analyses on publically available data sets, including a search for 
SNPs to help explain the high incidence of cancer in dogs, differences in metabolic processes in 
human microbiomes, and visualizations of genetic changes associated with glioblastomas. Many 
of these analyses were fairly basic, as expected given a single course on genomic analysis. These 
projects clearly demonstrated creativity, analytical thinking, and broad interests in biological and 
biomedical questions. Finally, one graduate student proposed a new means of sequencing 
mRNAs through monitoring ribosomal synthesis. Though this proposal had clear challenges, it 
was creative and the student struggled with some of the complexities of pushing forward this 
field. 
 
Assessment 
In addition to analytical lab reports and final projects, student exams will be used to evaluate 
student mastery of the learning goals. Preliminary analysis from the first course offering 
indicates most students met many of the learning goals. In particular, using the final exam from 
2016, it appeared most undergraduate students gained mastery in four of the seven learning 
objectives tested on the exam (Table 2). Many students struggled with mastery of strategies for 
data analysis and the technological needs of sequencers. To better address these, I have added a 
computational lab, to enable more extensive data analysis, and have allocated more class time to 
discussing the technological needs and problems of the current sequencing tools. Several	
innovations	are	planned	for the second offering in Spring quarter 2017, and	analysis	of	these	
innovations	will	be	presented.	First,	student progress will be evaluated systematically through 
the use of the midterm and final exams. These exams 
have been redesigned to better balance the learning 
objectives tested and to align each question more 
clearly with an objective. Second,	student	perceptions	
of	interest	in	and	importance	of	genomics	
technologies	will	be	assessed	through	surveys	
administered at the beginning and end of the course. 
Third, as questions of ethics, consent, and privacy are 
central to appropriate use of these genomic 
technologies, in-class discussions and student 
reflections on these issues will be used to asses student 
understanding of the non-technical challenges 
associated with these tools. 
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