
Acknowledgments

A

Since 2006, the Genomics Education Partnership (GEP) has incorporated authentic genomics research experiences into the 
undergraduate curriculum, introducing thousands of students to eukaryotic gene annotation, comparative genomics, and the 
evolution of contrasting genome domains. Our 100+ participating institutions include community colleges, primarily 
undergraduate institutions, and research-intensive PhD-granting institutions. Using our shared resources and publicly 
accessible data bases, students have been able to contribute meaningfully to scientific investigations coordinated through 
the GEP. 

A large consortium of faculty implementing a core course-based undergraduate research experience (CURE) in a variety of 
ways also provides opportunities to examine best practices for lab course design and implementation. Through use of 
faculty logs, assessment of student learning gains, and responses to surveys and focus groups, we have examined faculty 
actions and student attitudes that impact student learning. The data indicate that our research format encourages use of 
active learning strategies while promoting dialogue about science; student responses overall are positive, but those students
with positive attitudes toward science benefit the most. We also looked for particular aspects of the GEP CURE that 
promote student learning. Our data suggest that students experience a beneficial process of “formative frustration” where 
they are initially allowed to fail in their analyses, followed by exploration, re-evaluation, adjustment, and re-analysis. 
Additionally, the relatively low-cost, low-stakes structure of a genomics CURE may make instructors more prone to give 
students leeway to experience this process. 

To support the GEP’s ongoing mission of conducting genomics research with undergraduates, we have partnered with 
Galaxy to develop G-OnRamp, a web-based platform for constructing genome browsers from assemblies. This is enabling 
us to initiate new collaborative annotation projects that harness the research power of the GEP collective. We are looking 
for additional “science partners” who have interesting projects for collaboration, and for new faculty members interested in 
incorporating GEP curriculum and projects into their classrooms. We provide fully-supported training for new GEP faculty 
members through online mentoring and in-person workshops. Those interested in joining can contact us at 
http://gep.wustl.edu/contact_us. Supported by NSF IUSE-1915544 and NIH IPERT-1R25GM130517-01 to LKR. 
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The Genomics Education Partnership: Exploring best practices in 
implementation of a genomics CURE

Abstract The Genomics Education Partnership (GEP)

GEP Goals
• Incorporate genomics and bioinformatics into 

the undergraduate curriculum
• Engage undergraduate students in authentic 

genomics research

Current GEP Members

• >100 faculty from >100 affiliated schools

• >1000 undergraduates participate annually

Year joined
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016-2017
2019

http://gep.wustl.edu

Current Biological Projects

GEP Characteristics (n=124)

Minority-serving:

HBCU:

First Generation (>30%):

Non-traditional (>30%): 

Commuter (>80%):

Residential (>80%):

33 67

6 94

44 56

19 81

20 80

40 60

Yes

No

Institution Type: 7 79 13 1
2yr 4yr PUI R01 NA

Undergrad. Enrollment: 31 59 9 1
<2k 2–15k >15k NA

10 76 6 4
Biochem. Genetics

Evol. Bio. Other

Bioinformatics

Institutional Characteristics (%)

Participating Faculty — Primary Discipline (%)

• One-third of the faculty teach at minority-serving 
institutions

• The characteristics of GEP students generally 
reflect those majoring in science at the institutions

Biological Data Workflow & Overview of Educational 
Assessments

GEP CURES Promote Active Learning & Dialogue About 
the Research Process

GEP Courses Contribute to Biological Knowledge & 
Enhance Student Attitudes Toward Science

Formative Frustration: Student Setbacks Contribute to 
Learning Gains

Student Perceptions of Science Impact Course Benefits Recruiting New Science Partners through G-OnRamp

Faculty Training for online implementation
• Materials for online course implementation and project management
• Online training through the Quantitative Undergraduate Biology Education and 

Synthesis (QUBES) platform
• GEP is recruiting NEW MEMBERS. Contact Catherine Reinke (creinke@linfield.edu)

GEP is supported by NSF IUSE-1915544 and NIH IPERT-1R25GM130517-01 to LKR. Additional support for wasp annotation project 
supported by NIH 1R35GM133760 to NTM. 
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• Expanded F-element projects: What are the 
mechanisms driving chromosomal 
expansion, and what is the impact on gene 
structure and expression?

• Annotation projects: Conserved motifs 
impacting gene expression?

Insulin signaling pathway

• How does network structure 
determine robustness of function in 
response to perturbation (within-
species timescales)? 

• How does network structure influence 
and reflect the process of evolution 
(between-species timescales)?

Annotation of genomes from 
parasitoid wasp species 

Focus on venom proteins that 
modulate host physiology & 
signaling:
• Venom gene evolution?
• Venom gene structure and 

function?
• Venom protein mimics?
• Venom gene/protein motifs?

Biological data workflow:

Educational 
Assessments:

Faculty data:
• Faculty logs of educational practices
• Faculty survey 
• Faculty focus groups comments
• Faculty formative frustration survey
• Faculty and institutional demographics

Student data:
• Pre- & post-course quizzes to assess 

scientific learning gains
• Pre- & post-course surveys assessing 

student attitudes and the research 
experience benefits

• Student focus groups comments
• Student demographics

GEP students accurately 
generate gene models:

Biological publications 
with GEP student co-
authors:

Assessment of student attitudes 
toward science:

Evolution of genes & repeats in 
Drosophila Muller F-elements:
• Leung et al. (2010) Genetics
• Leung et al. (2016) G3

Identification of factors contributing to D. 
ananassae F-element expansion:
• Leung et al. (2017) G3

Other

Total reconciliation statistics (2016-2017)

N = 2194

Splice site boundaries

Extra / missing exon(s)

Mislabeled / missing isoform

Submission error

Gene model missing

Not the orthologous model

65% 35%

44%

Types of inconsistencies with reconciled gene modelsGene models 
classifications

Consistent

Inconsistent

16%
14%
12%
12%

Left: Submissions from 2 or more GEP-student annotators were examined 
by experienced annotators. 65% of gene models submitted were 
congruent with available data  while 35% showed inconsistencies; the 
most common being differences in predicted splice-site boundaries.
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GEP Two Years

SURE 17

Above: GEP student survey data collected over 2 years (2015-2017; 
green triangles) shows similar gains in student attitudes toward science  
as students engaging in a summer undergraduate research experience 
(SURE) as assessed by the 2017 SURE survey (red boxes). 

Active learning practices employed with higher frequency:

Frequency or practices emphasizing research process:

Graph shows data from faculty 
logs reporting frequency of 24 
pedagogical practices (PPs) in 
different categories. Reference 
frequency per opportunity was 
calculated as frequency of item 
reported by an individual faculty 
per number of weeks of genomics 
lab class. Average frequency per 
opportunity for all instructors is 
shown for 13 PPs with an 
average score >0.30. Collective
use of these PPs correlated 
positively with post-course 
annotation quiz scores and 
student self-reported benefits,  
but no single PP stood out above 
others as correlating to benefits. 
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Figure	Ϯ
Correlation between student 

setbacks and learning benefits:

Data from Lopatto et al. (2020) JMBE

Likelihood of allowing students to 
experience setbacks:

Faculty were asked to comment on connections between 
setbacks in course structure (course setbacks) and 
setbacks in the research process (student setbacks) and 
the perceived effect of each setback on student learning. 
Faculty comments analyzed by NVivo term analysis and 
percentage of references indicating positive (blue), 
negative (orange), or no effect (grey) shown. Data show a 
clear correlation between student setbacks and perceived 
learning gains. 

Faculty were asked to comment on how likely they were to let students 
fail in different research situations. Degree of willingness to risk failure 
was evaluated as 1 (very likely), 2 (moderately likely) or 3 (not at all), and 
the percentage of responses in each category determined. Data suggest 
that the relative low-cost, low-stress conditions of a GEP research course 
make faculty more likely to let students experience the benefits of 
formative frustration.   
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Positive Perception Quartiles and Range of Scores

Mean Annotation Quiz Score by Positive Perception 
Quartile

(A) ANOVA performed on annotation quiz scores yielded a significant difference among performance quartiles and student reported positive 
perceptions of science (F = 39.1, df =3,984, p<0.001), with high quiz-performers (Quartile 4) perceiving science significantly more positively than low 
performers (Quartile 1). (B) Analysis of student self-reported benefits also showed significant differences between groups (F=51.5, df=3,1010, 
p<0.001), with high performs (Quartile 4) reporting more benefits than low performers (Quartile 1). These data indicate the importance of finding 
ways to enhance student’s perception of science in order to provide greater benefits during course instruction. 
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GEP + Galaxy = G-OnRamp

• G-OnRamp (http://gonramp.org) is a collaboration between GEP and Galaxy
• Extends Galaxy with tools and workflows for genome annotation

RNA-Seq
reads

Sequence 
similarity
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Repeats
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Archive 
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informant 
genome

Reference 
genome

assembly

Upload genome data Run G-OnRamp workflow
View assembly hubs on UCSC 
Genome Browser or JBrowse

Funded by NIH BD2K

Insert your 
data here

Graph shows data from faculty 
logs reporting frequency of 9 
practices utilized for emphasizing 
the research process. Reference 
frequency per opportunity was 
calculated as noted above. To 
determine which practices 
resonated most with students, 
comments during student focus 
groups were scored for 
references to the 9 practices. 
Green bars indicate practices 
references most frequently by 
students (>22 times), while blue 
bars indicate items referenced 
less frequently (<11 times).
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Contact Laura Reed
(lreed1@ua.edu)

for additional 
information
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STUDENTS SUBMISSSION OF WRITTEN WORK (PROBLEM SETS, REPORTS, ETC.) FOR GRADE

SCHEDULE DEDICATED TO FOR STUDENTS TO ANALYZE DATA/TROUBLE-SHOOT

PROVIDE INFORMAL FEEDBACK TO STIMULATE REVISED ANALYSES

DISCUSS THE NEED FOR PERSISTENCE

CONDUCT IMPROPTU LECTURES/DISCUSSIONS WHEN STUDENTS CONTRONT PROBLEMS

ACTIVELY ENCOURAGE STUDENTS TO CONSULT CLASSMATES WITH RESEARCH PROBLEMS

OBSERVE STUDENTS WORKING COLLECTIVELY

USE A DECISION-TREE, FLOW CHART OR CONCEPT MAP

COLLECT AND/OR ANALYZE DATA

COMPLETE POST-CLASS ACTIVITIES

FACILITATE STUDENT DISCUSSION OF THEIR WORK

HAVE YOUR STUDENTS ALTER PARAMETERS TO BETTER UNDERSTAND HOW A METHODS WORKS

REQUIRE STUDENTS TO ORALLY EXPLAIN OR DEFEND THEIR DATA TO CLASS

Reference Frequency per opportunity (in different categories)
Data analysis/

hypothesis testing

Student activities/
course materials

Encouraging 
persistence

Assessment

Peer & group 
discussion/

collaboration

0.38

0.43

0.44
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0.49
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0.57

0.59
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REQUIRE STUDENTS TO COMMUNICATE THEIR WORK

DISCUSS POTENTIAL FOR CO-AUTHORSHIP ON RESEARCH PUBLICATIONS

ARTICULATE THAT STUDENTS ARE BUILDING ON PRIOR SCIENTIFIC KNOWLEDGE

DISCUSS THE GEP AS A NATION-WIDE RESEARCH CONSORTIUM

DISCUSS CONNECTIONS BETWEEN GENOME ANNTATION & GENE/GENOME FUNCTION

STATED AIM TO GENERATE PUBLISHABLE DATA

DISCUSS HOW INVESTIGATIONS FOLLOW THE SCIENTIFIC PROCESS/HYPOTHESES

EXPLAIN THAT STUDENTS ARE SOLVING NOVEL RESEARCH PROBLEMS

HELP STUDENTS UNDERSTAND THERE IS NO RIGHT/WRONG ANSWER (EVIDENCE-BASED DATA)

Frequency per opportunity
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