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Address Department of Biology 
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 Seattle, WA 98195 
Phone Number (206) 221-3996 
Fax Number  
Email Address kerrb@u.washington.edu 
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CONTEXT STATEMENT 
 

OVERVIEW OF VISION AND GOALS  
The BEACON Center for the Study of Evolution in Action is an NSF Science and 

Technology Center founded in 2010 with the mission of illuminating and harnessing the power 
of evolution in action to advance science and technology and benefit society. BEACON is a 
consortium of universities led by Michigan State University, with member institutions North 
Carolina A&T State University, the University of Idaho, the University of Texas at Austin, and 
the University of Washington. BEACON unites biologists, computer scientists and engineers in 
joint study of natural and artificial evolutionary processes and in harnessing them to solve real-
world problems. Developers of evolutionary algorithms have long borrowed high-level concepts 
from biology to improve problem-solving methods, but have not captured the nuances of 
evolutionary theory. Likewise, studying the evolution of artificial systems can provide biologists 
with insight into the dynamics of the evolutionary process and the critical factors underlying 
emergent properties and behaviors. BEACON promotes the transfer of discoveries from biology 
into computer science and engineering design, while using novel computational methods and 
artificial evolutionary systems to address complex biological questions that are difficult or 
impossible to study with natural organisms.  

As Dobzhansky famously noted, “Nothing in biology makes sense except in the light of 
evolution.” BEACON’s vision focuses that light, revealing fundamental biological concepts and 
illuminating the path toward computational applications. The key insight underlying the Center 
is that transformative discoveries in both computing and biology are possible through studying 
evolution as it happens, in both natural and digital domains. The philosopher Dennett (2002) has 
pointed out the algorithmic nature of evolution as a process that will occur in any system with 
“replication, variation (mutation) and differential fitness (competition).” BEACON aims to 
understand evolution in this universal framework. 

Our overarching goal for BEACON is to unite biologists with computational researchers and 
other scientists and engineers in an effort to expand our understanding of fundamental 
evolutionary dynamics through a combination of theory and experiments on actively evolving 
systems, whether they are biological or computational systems. The Center helps researchers 
overcome the typical disciplinary biases and realize the sophistication and universality of 
evolution. Studies using a wide range of natural organisms (from simple bacteria like E. coli, to 
complex vertebrates, such as spotted hyena) are paired with novel evolutionary computation 
systems that allow both experimental and applied research. As a bridge between these domains, 
we also use digital organisms, which are self-replicating computer programs that undergo open-
ended evolution. Such digital evolution systems are powerful research tools that make 
transparent the evolutionary process while giving researchers unparalleled control over their 
experiments.  

Our range of study systems and our focus on evolution in action allow us to explore 
fundamental issues in evolutionary theory. While science has come a long way in understanding 
evolutionary patterns and the history of life on earth, many important questions remain about the 
causal processes: How do complexity, diversity, and robustness arise in evolving systems? What 
conditions lead to the evolution of intelligent behaviors? How do ecological communities form? 
Why do multicellularity and other forms of cooperation evolve? How much do these processes 
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vary between species or across biological, computational and robotic systems? Answering these 
and related questions will allow our understanding of evolution to better inform other areas of 
biological investigation and augment the practical utility of evolutionary design in engineering 
and industry. A guiding precept of this Center is that we must perform controlled experiments on 
evolution as it happens to fully understand, predict, and control evolutionary dynamics. These 
concepts demand exploration by interdisciplinary teams, joining biologists with computer 
scientists and engineers to solve increasingly difficult real-world design and optimization 
problems. 

We share the deep understanding afforded by this transformative research with the broader 
public, encouraging exposure to and intuition about evolution through first-hand experience. 
Although evolutionary science is the fundamental explanatory principle in biology, it continues 
to be widely misunderstood and even rejected by a majority of Americans. Being able to observe 
and perform experiments on actively evolving systems will help people appreciate not only the 
creative power of evolutionary mechanisms, but also the nature of scientific reasoning itself. 
Digital evolution, in particular, provides a revolutionary educational tool that can bring evolution 
to the classroom, to a museum, and even to a web browser. Our previous successes, such as the 
Avida-ED digital evolution educational software, have demonstrated the promise of this 
innovative approach, but the sustained infrastructure of an NSF Center allows us to bring it to 
fruition. We combine these techniques with new evolution-in-action experiments on natural 
organisms to advance internal training of students and post-docs as well as external education 
and outreach efforts (including development of curricula and educational tools). Faculty and 
students at all partner institutions participate fully in these educational activities, as developers 
and users.  

BEACON will have a powerful legacy: we will reframe public perceptions of evolution and 
increase understanding of scientific methods. At the same time, we will produce a conceptual 
framework to firmly establish evolutionary biology as an experimental science and cement its 
links to computing in a cross-fertilization that enhances both fields. Once we break these 
disciplinary barriers, the powerful collaborations that we produce will long outlast the Center, 
leading to generations of thriving researchers proficient at the intersection of biological and 
computational evolution. This intellectual legacy will continue to be reinforced and promoted by 
an open professional research and education conference that we will grow out of the Center’s 
annual all-hands meeting. 

 
Highlights from 2017 

We are pleased to report several important honors awarded to BEACONites this year.  

• Christoph Adami (MSU) was elected as a Fellow of the American Physical Society. 
He was nominated for APS Fellowship by the APS Division of Biological Physics for 
“the development of novel methods to study evolution using digital experimentation, 
as well as contributions to the use of information theory to understand biological 
systems.”  

• Former MSU postdoc Wendy Smythe was awarded the AAAS Science & Technology 
Policy Fellowship, and is now working at NSF within Education and Human 
Resources, the Division of Research on Learning in Formal and Informal Settings, 
Innovative Technology Experiences for Students and Teachers and Discovery 
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Research PreK-12. During her time at BEACON, Smythe worked to couple STEM 
with traditional ecological knowledge in an effort to increase representation of Native 
American/Alaska Natives in STEM disciplines, working with her tribal Haida 
community in Hydaburg Alaska.  

• Richard Lenski (MSU) won a 2017 Friend of Darwin award from the National Center 
for Science Education (NCSE). Lenski is one of only three scientists nationally to 
receive the award this year. The Friend of Darwin award is presented annually to a 
select few whose efforts to support NCSE and advance its goal of defending the 
teaching of evolution and climate science have been truly outstanding. 

• James Foster (UI) was given the EvoStar Award for Outstanding Contributions to 
Evolutionary Computation in Europe—highly remarkable, since he is not a European, 
but rather an American.  

BEACON seed funding led to a number of external funding awards this year. BEACONites 
receiving external funding for work initially funded by BEACON include Heather Eisthen, Kay 
Gross, Kevin Liu, Christopher Marx, Charles Ofria, Billie Swalla, and Chris Waters. 

BEACON continues to partner with Aditi Pai at Spelman College for our Luminary Scholars 
Research Program, for which we received NSF supplemental funding. This is an intensive 
undergraduate research program that supports approximately eight URM students each year to 
come to MSU for the summer research opportunities, then return to their minority-serving 
institutions (MSI) and continue their undergraduate research for up to 10-hours per week during 
the academic year, under the guidance of an identified faculty member at the home institution in 
collaboration with BEACON faculty.  

BEACON continues to collaborate with two other STCs, C-DEBI and EBICS to offer 
“Workshops for Developing Professional Skills for the Biotech Industry” with NSF 
Supplemental Funding. Our goal is to equip PhD students and post-docs with a toolbox that helps 
them convey their value as nimble professionals who exercise critical thinking and the scientific 
method, in a flexible manner, both in and out of academia. Through graduate and postdoctoral 
training, our trainees have developed both domain knowledge and a set of defined transferable 
skills that are in demand across many different career options (pathways). We proposed a 
complement of programming that communicates to trainees that their abilities to think and 
problem-solve as scientists, to effectively communicate, to persuasively present 
information/data, to write and to summarize their findings in a way that others can replicate, will 
be at least as important as their specific biological research questions in determining their career 
trajectories. This program includes: Workshop on Dynamic and Innovative Leadership/Strategic 
Communication, Workshops on Business Training for Biologists, and Skills-Based Workshops 
including a BEACON Data Carpentry-style Computational and Genomics workshop led by Dr. 
Tracy Teal; an EBICS workshop on Creating Multicellular Biological Machines as diagnostic 
tools, educational tools and therapeutic tools; and a C-DEBI Bioinformatics course, led by Dr. 
Ben Tully. 

 
Plans and Performance Indicators 

Our Strategic Implementation Plan sets goals in six areas: Education, Human Resources & 
Diversity (EHRD); Leadership and Management; Knowledge Transfer; Integrative Research; 
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Ethical Research; and Research Output. The overall goals and optimal outcomes have not 
changed since the previous reporting period.  

BEACON's Education, Human Resources, and Diversity (EHRD) overarching goal is to 
integrate cutting-edge, multidisciplinary research, education, and outreach efforts across the 
Center that will advance innovative training, the diversity of the Center and scientific workforce, 
and public education to promote greater understanding of evolution and the nature of science. 
BEACON's Leadership and Management goals are to envision and enable the Center's mission 
through inclusive and transparent decision-making as well as effective and responsible 
implementation; to inspire Center participants; and to facilitate collaborative efforts within and 
beyond the Center. BEACON's Knowledge Transfer goal is to develop effective mechanisms 
and pathways to facilitate intellectual exchanges among BEACON partners and industrial 
affiliates that will support the sharing of knowledge and application of new technology. Our 
Integrative Research goal is to produce transformative, synergistic research through an 
inclusive collaborative culture that crosses disciplinary and institutional boundaries and is 
embedded throughout the Center's activities. BEACON's Ethics goal is to practice and promote 
ethical and responsible research. BEACON's research output goal is to disseminate widely an 
increasing quantity of original and highly regarded scientific research on evolution in action.  

 

Progress towards Center goals 
The following sections summarize progress in all of the areas that are described in more 

detail in the rest of the report: Research, Education, Knowledge Transfer, External Partnerships, 
Diversity, Management, Center-Wide Outputs, and Indirect/Other Impacts. 

 

Research 
This table summarizes our progress towards the goals and metrics described in our strategic 

plan.  
 

GOAL METRICS PROGRESS 

Integrative Research Goals 
New research collaborations 
and proposals 

Number of 
interdisciplinary/multi-
institutional research projects 
and publications 

53 projects currently 
underway, 1230 publications 
reported to date (150 
submitted in the current 
reporting period) 

New paradigms for research 
in organic and digital 
domains 

Number of new sessions at 
scientific meetings or scientific 
meetings hosted at BEACON  

None to report in this period 

Number of new journals and 
societies  

None to report yet 

New or increased funding for 
biocomputational research 

BEACON researchers 
submitted 48 proposals for 
external funding concerning 
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evolution in action, and 
>$19M in external funding 
was granted 

Increase in publications 
related to evolution in action 

Number of BEACON faculty 
participants writing such 
publications and the number of 
citations of their work. 

BEACON publications are 
continuing at a high rate every 
year.  

High visibility science 
journalism about BEACON 
research 

8 press releases and >20 
media pieces since previous 
annual report, including pieces 
on several radio and print 
journalism outlets 

Development and 
dissemination of new 
curricula and resources to 
train multidisciplinary 
scientists in evolutionary 
biology and computational 
evolution 

Number of requests for 
information 

Changes in GitHub have 
affected our ability to track 
downloads of Avida; and the 
new web-based version of 
Avida-ED does not yet have a 
system to track users 

Ethical Research Goal 
Center participants will 
understand shared and 
discipline-specific practices 
of Responsible Conduct of 
Research (RCR) and will 
embody general scientific 
norms/virtues, including 
objectivity, integrity, 
community, and 
transparency. 

Number of RCR training 
opportunities provided 

9 Scientific Virtues sessions 
offered at BEACON seminars, 
BEACON Congress, and a 
class at University of Idaho  

Number of BEACONites who 
attended RCR training sessions 
offered by BEACON 

About 83 

Number of BEACON seminars 
offered 

22 BEACON seminars have 
been offered since Feb 1, 
2017. 

Research Output Goals 
Original research by 
BEACON members on 
evolution in action will be 
prominent in the evolution 
literature. 

Number of publications in peer-
reviewed journals, presentations 
at scientific conferences, and 
grant proposals submitted 

150 publications submitted, 
181 conference or other 
presentations, 48 grant 
proposals submitted during 
this reporting period  

BEACON research output 
will be perceived as making 
an important contribution to 
the literature. 

Feedback from the External 
Advisory Committee  
 

Positive feedback. See 
Appendix C. 

 
BEACON research falls under four thrust groups, three of which are focused on basic 

research and group according to natural levels of organization (genomes, behavior among 
individuals, and community-level dynamics) and a fourth, added in 2014, focusing on 
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evolutionary applications. These thrust groups are united by two cross-cutting themes: biological 
evolution and digital evolution.  

Some terms commonly used by BEACONites may be less familiar to some readers, so first 
we offer a brief BEACON Glossary. 

Digital Evolution: Digital evolution is a field of study in which experimental evolution 
techniques are used on populations of digital organisms. 

Digital Organisms: A digital organism is a self-replicating computer program, with a 
genetic basis (programming language) in which any basic computation could theoretically be 
implemented (Turing complete). Populations of digital organisms are usually studied in complex 
and noisy environments where they are subject to mutations and selective pressures that lead to 
open-ended evolution. 

Evolutionary Computation: Evolutionary computation describes a large class of stochastic 
search/optimization algorithms that are often based on relatively crude models of biological 
evolution. They typically maintain a population of candidate solutions at any point in time, 
generate modifications of them, test them in a simulated environment, and select such that 
higher-fitness candidates tend to survive into the next population. 

Experimental Evolution: Research in which populations are studied across multiple 
generations under defined and reproducible conditions, whether in the laboratory, in nature, or in 
a digital environment. In such experiments, the selective environment can be manipulated in 
order to test hypotheses about evolution. 

Thrust Group 1: Evolution of Genomes, Genetic Architectures, and Evolvability. The 
overall goal of this group is to understand the evolution of genome architecture and the processes 
that govern the production of genetic and phenotypic variation. Many of these projects seek to 
observe and understand adaptation in action at a molecular level. Current areas of focus include 
(1) evolution of complexity; (2) adaptation in action; (3) effects of evolution on therapeutic 
treatments; and (4) effects of genetic interactions on evolution, including epigenetics and gene 
regulatory networks. A total of 15 projects are currently supported in this thrust group. 
BEACONites are using a combination of techniques, including experimental evolution in 
biological and digital organisms, mathematical modeling and simulation, and integrating data 
from field and lab biology.  

Thrust Group 2: Evolution of Behavior and Intelligence. This group investigates the 
evolutionary emergence, maintenance, and nature of intelligence and other behavioral 
phenomena. The organisms studied tend to be self-directed and capable of adaptive responses to 
ecological and social stimuli. Behaviors of interest include navigation, cognition, 
communication, coordination, social dominance, and mate choice. Digital evolution has proven 
to be a powerful tool in which data gathered from biological organisms can be applied to recreate 
the evolution of complex behavior in digital organisms. By observing the evolution of self-
replicating digital organisms, we can understand the conditions that led to the evolution of 
complex behaviors in biological organisms. Data from these studies of digital evolution are 
integrated with studies of living systems from single-celled organisms all the way up to 
mammals. Broadly, the 9 projects in this group are studying (1) behavior as a selective force, and 
(2) the evolution of behavior in response to the environment (both biotic and abiotic 
environment). 
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Thrust Group 3: Evolution of Communities and Collective Dynamics. Research in this 
group focuses on systems of interacting individuals and the emergence and organization of 
higher-level assemblages including communities, social groups and multicellular organisms. 
Broadly speaking, this research includes (1) evolution of cooperation; (2) coevolutionary 
dynamics of interacting species; (3) microbiome evolution; and (4) evolution of antibiotic and 
antimicrobial resistance. Eleven funded projects currently fall into this thrust group. 

Thrust Group 4: Evolutionary Applications. Technological applications of evolution have 
become more prominent in BEACON, as has knowledge transfer, leading us to create a new 
Thrust Group as an umbrella for work that uses evolution as a powerful tool. Evolution is a 
generative process that has created diverse and complex biological systems, but fully harnessing 
that creative power has remained elusive. In 18 currently funded projects, BEACON researchers 
are making advances in areas including applications for (1) biotechnology; (2) agriculture; and 
(3) healthcare and forensics; as well as (4) development of evolutionary computation methods. 

 

Education 
The following table summarizes our progress towards the goals set in our strategic plan. 
 

Education Goals 
GOAL METRICS PROGRESS 

Multidisciplinary Ph.D. 
graduates and post-docs 
placed in faculty positions at 
rates approaching averages 
across engineering, computer 
science, and biology 

Fraction of BEACON 
graduate students and post-
docs receiving offers of 
faculty positions  

Among BEACON’s alumni to 
date: 15/88 (17%) PhDs and 
13/26 (50%) postdocs are now 
in faculty positions. 49 (56%) 
of BEACON PhD graduates 
are currently in postdoctoral 
positions. 

Increased public literacy in 
evolution and the nature of 
science 

Development of educational 
materials 

Testing, presentation, and 
publication of educational 
materials. Evaluation 
instruments are being used to 
assess effectiveness. 

Adoption of materials by 
teachers; frequency of public 
use of online materials and 
visits to museum exhibits 

Cross-institutional 
dissemination of materials is 
underway. 

Increased interest in STEM 
careers in both academia and 
industry 

The creation of programs that 
provide for the sustainability 
of students interested in 
STEM 

Programs like the Luminaries 
Scholars and URA program at 
KBS assist in these areas. 

Communication of the 
diversity of careers associated 
with STEM disciplines 

Participation in diverse careers 
workshops, and tracking our 
own students. 
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Recent science education reform recognizes that students learn better when information is 
organized around major unifying concepts (National Research Council, 2012), and all recent 
science education reform places evolution as a core idea within the biological sciences (Brewer 
and Smith, 2011; College Board, 2011). Yet, evolution is summarily rejected by nearly half of 
the general public living in the United States (Miller et al. 2005). Across all BEACON, our 
educational projects aim to use BEACON research demonstrating evolution in action to reveal 
the power of evolution, showing (1) evolution is a historical AND ongoing dynamic process; (2) 
evolutionary biology is a good example of how science works; (3) evolutionary processes can 
help us solve complex biological and engineering problems. 

Internal Education Activities. BEACON has instituted a series of courses specifically 
designed to train graduate students across disciplines. We continue to discuss and evaluate the 
effectiveness of our educational programs. Our graduate training courses create unique inter-
institutional challenges such as different academic calendars (for example UW is on a quarter 
system whereas MSU is on a semester system). Despite these challenges Computational Science 
for Evolutionary Biologists CSE 801 currently has nine students enrolled for Fall 2017 and 
Evolutionary Biology for Non-life Scientists has six students for F17.  

BEACON is also invested in training undergraduates in an effort to meet both our mission to 
(recruit and) train graduate students, as well as our mission to increase understanding of 
evolution and the nature of science. A number of educational projects are focused on 
undergraduate education, and especially on involving undergraduates in research through 
summer REUs but also through opportunities available during the academic year. 

External Education Activities. BEACON currently funds a number of educational activities 
and programs, all of which help to meet our EHRD goals and optimal outcomes. Student-
centered activities during the past year included numerous outreach events, REU experiences at 
both KBS and FHL, and new projects to engage with undergraduate biology education. We 
continued to provid research experiences for inservice teachers in the BEACON TEACHER 
REVOLUTION program. BEACON continues to participate/organize community outreach 
efforts, including the US Science and Engineering Festival held in Washington DC and the 
Evolution Symposium held at the annual professional development conference of the National 
Association of Biology Teachers. We also have a number of educational activities that target the 
general public, including museum exhibits at MSU. The greatest challenge comes in assessing 
our effectiveness at meeting our goals related to increasing public understanding of evolution 
and the nature of science. Many of our external outreach activities are designed to be short and 
highly interactive. It is difficult to assess what learning occurs. We do, however, use these 
opportunities to test the operations of the activities we develop, and from that perspective, these 
can be viewed as successful as they give us an opportunity to work out the bugs. We also 
regularly receive positive feedback and evaluations related to our outreach activities. 

 
Knowledge Transfer 

The following table summarizes our knowledge transfer progress in the past year in the areas 
described in the strategic plan. 
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Knowledge Transfer Goals 
GOAL METRICS PROGRESS 

New collaborative research 
with industry partners 

The number of external 
industry/government 
laboratory collaborations with 
BEACON through its member 
universities 

In addition to working with 
existing industrial 
collaborators, this past year, 
BEACON has added several 
additional industrial 
collaborators.  

Number of joint grant 
proposals submitted with 
industrial partners 

Two proposals funded by 
Dow Chemical Co. through 
the Axia Institute; proposal to 
DARPA as subcontractor to 
Siemens was funded. Risto 
Miikkulainen has been on 
leave, working at Sentient 
Technologies, the largest AI 
startup. One proposal is 
funded by General Motors on 
large-scale constrained multi-
objective evolutionary 
optimization. 

Number of publications 
submitted that arise from 
industry-provided challenge 
problems and data 

At least 5 in the current 
reporting period  

Receiving industry-provided 
challenge problems and data 
with feedback 

Number of instances that 
challenge problems, data, and 
feedback are received  

At least 10 companies are 
providing challenge problems 
and feedback. 

Spinoffs formed Number of spinoffs formed Existing spinoff by Risto 
Miikkulainen, Digital 
Certainty, was acquired by 
Sentient Technologies in 
2016. No new spinoffs to 
report in the current period.  

 
 

BEACON's Knowledge Transfer model includes working with industry contacts to obtain 
challenge problems (i.e. "Real World" problems) and data with feedback, to allow real solutions 
to real problems. BEACON aims to form these and other collaborative relationships with 
industry partners. 

Many companies are currently working with BEACON, including Siemens, Metron, Ford 
Motor Company, Hyundai, Toyota, Continental Automotive, Chrysler, BAE Systems, General 
Motors, and StoneAge Robotics.  
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External Partnerships 
BEACON aims to form external partnerships with other researchers and educators who are 

working in the area of evolution in action, with other centers that can broaden our impact, and 
with minority faculty members at non-BEACON institutions and/or faculty members at 
minority-serving universities to provide research opportunities for those faculty and their 
students.  

Titus Brown and Tracy Teal continue to work with SESYNC (Socio-Environmental 
Synthesis Center), NESCent (National Evolutionary Synthesis Center), iDigBio, iPlant 
Collaborative , National Earth Observatory Network (NEON) and Data Carpentry to develop and 
run workshops offering computer science training to biologists, within and beyond BEACON. 

Education Director Louise Mead is working with a number of institutions on BEACON 
educational and outreach initiatives, including BSCS (Biological Science Curriculum Study), 
CREATE for STEM Institute at MSU, University of Michigan, the Concord Consortium, the 
Society for the Study of Evolution, the Society for Systematic Biologists, and the American 
Society of Naturalists. 

Our BEACON Faculty Affiliates program maintains members at University of California at 
Irvine and Yale University and has successfully engaged students and postdocs at these 
institutions. 

 

Diversity  
BEACON has effectively institutionalized its two overarching diversity goals: 1) ensure 

diversity is represented as an inclusive and connecting thread through all aspects of BEACON, 
and 2) exceed national norms for diversity at all levels in the Center. This accomplishment 
transcends the cursory goals of increasing the number of diverse participants and demonstrates a 
strategic and thoughtful culture that demonstrates diversity within its research opportunities, 
grant submissions, broader impacts efforts, educational outreach activities, formal mentoring 
training/support, fellowships, and direct student support funds. To summarize our diversity 
statistics: 

• URMs: BEACON participants are: 53% White, 24% Black, 10% Asian, 5% 
Hispanic/Latino, 1% Native American, and 7% two or more races/ethnicities. 37% of 
BEACON participants are self-reporting as URMs, which is 20.1% above the National 
Norm (30.8%).  

• Women: BEACON’s strategic efforts to increase overall female participation across all 
levels has resulted in women representing 43% of BEACON participants, which is 31.1% 
higher than the National Norms of 32.8%. The number of female faculty is 39%, which 
also surpasses the national norm of 31.0% by 25.8%. 

• Individuals with Disabilities: Currently 6.4% of BEACON participants self-reported as 
having a disability, which exceeds the National Norms (3.3%) by 93.9%. By 
demonstrating a commitment to being an inclusive and welcoming consortium, 
undergraduates with disabilities have increased to 7.1%, which is an 51% increase over 
the National Norm (4.7%); graduate students in this category have increased to 8.2%, 
which is an 43.8% increase over the National Norm (5.7%); post-docs with disabilities 
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(for which National Norm data is unavailable) are maintained at the level of 2%, and 
faculty with disabilities (2.7%) exceed the National Norm (2.17%). 

Individuals with disabilities are a continued priority within our strategic efforts. To address 
the previous stated challenge of under-reporting, BEACON continues to enhance the Disability 
Action Plan, which is tasked to establish a climate of safe, inclusive, and adaptive environments 
for individuals with disabilities to thrive.  

BEACON supports a number of diversity initiatives that strive to create and support research 
and education opportunities for women, underrepresented minorities, and individuals with 
disabilities at the undergraduate, graduate, postdoc, and K-12 levels. BEACON has recently 
updated its diversity webpage, with opportunities to creating a repository of best practices on 
subjects such as broader impacts, adaptive software, scalable models and tools, diversity of 
careers, summer REU opportunities, diversity articles, and the Native American/Alaskan Native 
Initiative (NAANI).  

 
Management 

The following table summarizes our metrics and progress towards our goals in the area of 
management. 

 
Management Goals 

GOAL METRICS PROGRESS 
Increase in cross-disciplinary 
research and education 

Number of paper/conference 
submissions by BEACON 
authors  

53% of publications and 48% 
of presentations reported as 
interdisciplinary 

Number of students enrolled 
in cross-disciplinary courses  

19 in semester-long courses, 
plus hundreds in workshops 
on computational science for 
biologists 

Number of funding proposals 
submitted  

28 of 48 grant proposals 
submitted (58%) reported as 
interdisciplinary; 16 of 48 
(33%) inter-institutional 

Increase in cross-institutional 
research and education 

Number of paper/conference 
submissions  

40% of all publications and 
29% of presentations reported 
to be cross-institutional  

Number of new courses and 
workshops  

As discussed in Education 
section, many Data Carpentry 
workshops were offered to a 
national audience in the 
reporting period, plus one 
EDAMAME (Explorations in 
Data Analyses for 
Metagenomic Advances in 
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Microbial Ecology) workshop.  
Number of students in cross-
institutional courses  

In 2017, there were 16 MSU 
students and 3 students from 
partner universities enrolled in 
semester-long BEACON 
courses. Some BEACON 
partners offered local 
equivalents to these MSU 
courses. Hundreds participated 
in workshops on 
computational science for 
biologists 

Increase in new funding 
sources (cross-disciplinary and 
cross-institutional) 

Number of submissions  BEACON researchers 
submitted 48 proposals for 
external funding concerning 
evolution in action, and 
>$19M in external funding 
was granted 

Award dollars  BEACONites have been 
awarded over $19M from 
outside BEACON in this 
funding period (>$17M for 
cross-disciplinary proposals), 
well exceeding goal of 
$5M/year 

Effective support of Center 
operations by Management 
team 

Survey for participants about 
management team  

2017 evaluation focused on 
priorities for post-STC 
funding legacy, and highlights 
BEACON’s role in 
stimulating interdisciplinary 
and inter-institutional 
collaboration  

Feedback from External 
Advisory Committee 

Feedback has been positive 
and encouraging (Appendix 
C) 

Center is perceived by NSF as 
exemplary 

Renewal of NSF funding BEACON’s 5-year renewal 
proposal was approved and 
funded in 2015. 

Number of public mentions 
made by NSF about BEACON  

Multiple mentions and 
retweets on NSF’s Twitter 
feeds 

 
Projects at BEACON are chosen through an annual selection process, in which BEACON 

members submit "budget requests" in January under one of seven categories: Thrust Group 1, 2, 
3, or 4; Education; Diversity; or Other (which can include infrastructure requests). This process 
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continues to encourage BEACONites to engage in new collaborations that include 
interdisciplinary and interinstitutional work. Details about this process and the results are 
provided in Section VII (Management).  

BEACON Organizational Formative Evaluation Report. Each year since its inception, 
BEACON has charged a team of experts on organizational evaluation, led by Drs. Patricia 
Farrell-Cole and Marilyn Amey, to study BEACON and report on the attitudes of participants, 
practices of management, and other related issues that might reveal desirable changes in 
BEACON’s structure or procedures. In 2017, Farrell-Cole and Amey focused on envisioning 
BEACON’s priorities for our post-STC funding legacy. Responses from participants indicated 
that much of BEACON’s value continues to be in the area of stimulating interdisciplinary 
research. Participants perceived BEACON as a reliable place where they could find new 
collaborators and learn more about fields outside of their “home” discipline, as well as initiate 
cross-institutional collaborations. BEACON’s ability to raise the prestige of inter-disciplinary 
and inter-institutional collaborations was also considered valuable, as was the center’s 
attractiveness to potential faculty and student recruits.  

 

Center-Wide Outputs 
Publications submitted: 150 reported  
Conference presentations and other dissemination activities (including lectures, seminars): 181 
reported 
Awards and Honors: 43 awards and honors reported 

Students that graduated (reported): 9 PhDs, 3 Masters 
General outputs of knowledge transfer activities: 0 patents  

Participants: 315 participants, plus another 333 affiliates (under 160 hours/year in Center 
activities), for a total of 648 BEACONites 

Media publicity: Since the previous annual report, we have put out 8 press releases so far. Over 
20 features on BEACON activities appeared in the mainstream and online media in the last 
reporting period. 
 

Indirect/Other Impacts 
International activities: BEACON is engaging in international activities on 4 continents, 

including field research and education in Kenya; multiple engineering research collaborations 
with researchers and organizations in China, Switzerland, Denmark, and Mexico; and 
experimental and digital evolution research collaborations in France. 
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II. RESEARCH 
 
1a-b. Research goals, metrics, and progress.  

Broadly, the Center’s overarching research goal is to produce transformative, synergistic 
research focusing on evolution in action through an inclusive collaborative culture that 
crosses disciplinary and institutional boundaries and is embedded throughout the Center’s 
activities. BEACON’s internal funding model is to provide competitive seed money for new 
projects, stressing the creation of interdisciplinary and inter-institutional collaborations that 
might not exist without the support of the Center. Evolution in action is a new and growing field, 
especially biocomputational studies in this area, and rather than focusing on a few large, 
expensive projects, BEACON supports a large number of studies that show potential to attract 
external funding to grow into larger projects. The Center’s overall goals and objectives have not 
changed since the last reporting period. 

In the current reporting period, a total of 53 research projects were supported by BEACON, 
including 25 projects that just began in summer/fall 2017. In the narrative below, we provide a 
“big picture” overview of all of the research being supported by BEACON, fitting the projects 
into the broader context of our thrust groups. 

Our specific research goals, as outlined in our Strategic Implementation Plan, fall into three 
broad categories: Integrative Research, Ethical Research, and Research Output. In this table we 
summarize our optimal outcomes and metrics from our Strategic Implementation Plan, and 
briefly note our progress towards these goals. For more details on progress, please see section 2b. 

 
 

GOAL METRICS PROGRESS 
Integrative Research Goals 

New research collaborations 
and proposals 

Number of 
interdisciplinary/multi-
institutional research projects 
and publications 

53 projects currently 
underway, 1230 publications 
reported to date (150 
submitted in the current 
reporting period) 

New paradigms for research 
in organic and digital 
domains 

Number of new sessions at 
scientific meetings or scientific 
meetings hosted at BEACON  

None to report in this period 

Number of new journals and 
societies  

None to report yet 

New or increased funding for 
biocomputational research 

BEACON researchers 
submitted 48 proposals for 
external funding concerning 
evolution in action, and 
>$19M in external funding 
was granted 

Increase in publications Number of BEACON faculty BEACON publications are 
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related to evolution in action participants writing such 
publications. 

continuing at a high rate every 
year.  

High visibility science 
journalism about BEACON 
research 

8 press releases and >20 
media pieces since previous 
annual report, including pieces 
on several radio and print 
journalism outlets 

Development and 
dissemination of new 
curricula and resources to 
train multidisciplinary 
scientists in evolutionary 
biology and computational 
evolution 

Number of requests for 
information 

Changes in GitHub have 
affected our ability to track 
downloads of Avida; and the 
new web-based version of 
Avida-ED does not yet have a 
system to track users. 

Ethical Research Goal 
Center participants will 
understand shared and 
discipline-specific practices 
of Responsible Conduct of 
Research (RCR) and will 
embody general scientific 
norms/virtues, including 
objectivity, integrity, 
community, and 
transparency. 

Number of RCR training 
opportunities provided 

9 Scientific Virtues sessions 
offered at BEACON seminars, 
BEACON Congress, and a 
class at University of Idaho  

Number of BEACONites who 
attended RCR training sessions 
offered by BEACON 

About 83 

Number of BEACON seminars 
offered 

22 BEACON seminars have 
been offered since Feb 1, 
2017. 

Research Output Goals 
Original research by 
BEACON members on 
evolution in action will be 
prominent in the evolution 
literature. 

Number of publications in peer-
reviewed journals, presentations 
at scientific conferences, and 
grant proposals submitted 

150 publications submitted, 
181 conference or other 
presentations, 48 grant 
proposals submitted during 
this reporting period  

BEACON research output 
will be perceived as making 
an important contribution to 
the literature. 

Feedback from the External 
Advisory Committee  
 

Positive feedback. See 
Appendix C. 

 

1c. Problems in making progress towards these goals. 
The primary ongoing challenge is enabling communication among researchers in different 

fields and institutions. We have a number of strategies in place to help overcome this problem: 

• Annual meeting, with sessions designed to stimulate new collaborations and networking 
sessions for students and postdocs: We held our eighth annual BEACON Congress in 
August 2017. The Congress is now a full 3 days and features numerous networking 
events.  
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• BEACON Intranet profiles. We are continuing to upgrade our intranet system for 
increased functionality, and are creating a more searchable database that will allow 
BEACONites to discover other members with similar research interests, and to browse 
their work. 

• Weekly seminars. We hold weekly meetings in which members present the results of 
ongoing activities. These seminars have more than once successfully sparked interest and 
led to new collaborations. At MSU, we follow the seminar with a “social hour,” 
providing refreshments and an opportunity for casual interaction. At UI and UW, the 
seminar occurs during the lunch hour due to time zone differences, and lunch is either 
provided or brought by the attendees. 

These strategies, combined with ongoing attention to the need for clear communication and 
inclusiveness, are working well, and we will continue to use these methods and refine as needed. 

 

2a. Research thrust areas 
BEACON supports research in four thrust groups, including three based on natural levels of 

organization (genomes, behavior among individuals, and community-level dynamics) and a 
fourth group focused on evolutionary applications. These thrust groups are united by two cross-
cutting themes: biological evolution and computational evolution. We describe each of these 
thrust groups below. Many projects can be assigned to two or more research groups, but for 
convenience we only report each project as belonging to a single thrust group. Here, we describe 
progress on research projects, divided into general research themes, that are currently under way 
within each thrust group and their goals and activities. 

 

Thrust Group 1: Genomes, Genetic Architectures, and Evolvability.  
The overall goal of this group is to understand the evolution of genome architecture and the 

processes that govern the production of genetic and phenotypic variation. Many of these projects 
seek to observe and understand adaptation in action at a molecular level. Current areas of focus 
include (1) evolution of complexity; (2) adaptation in action; (3) effects of evolution on 
therapeutic treatments; and (4) effects of genetic interactions on evolution, including epigenetics 
and gene regulatory networks. A total of 15 projects are currently supported in this thrust group. 
BEACONites are using a combination of techniques, including experimental evolution in 
biological and digital organisms, mathematical modeling and simulation, and integrating data 
from field and lab biology. Below is a summary of current research in each theme. 

 
Evolution of Complexity 

Chris Adami (MSU), Rich Lenski (MSU), and Claus Wilke (UT) are modeling the 
evolution and de-evolution of biological complexity. The mathematical description of evolving 
living systems has made great strides in the last century, but theory is concerned mostly with 
understanding evolution on short time scales: those relevant for the fixation of a single or 
perhaps a pair of loci. Modern developments in experimental evolution have highlighted a 
missing topic in the mathematics of population genetics, namely a theory that describes how 
populations adapt over the long term. A recent theory by Wiser, Ribeck, and Lenski has shown 
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that evolution over the long term can be predicted given a sufficiently long trajectory in the past. 
It turns out that any theory that can predict forward evolution, should also be able to predict the 
loss of fitness over time, due to drift (for example when population sizes are small). Such a 
theoretical prediction can be used to estimate the complexity of the organism that is losing 
fitness, as several theoretical approaches suggest that the rate of fitness loss is determined by the 
complexity of the initial organism. The team is developing the theory to estimate the fitness loss 
over long-term, and will validate it by performing drift-response experiments with well-
characterized genomes of the Long-Term Evolution Experiment (LTEE). If successful, this work 
will result in a new quantitative way to link fitness to organismal complexity. 

Charles Ofria and graduate student Alexander Lalejini (MSU) are testing whether 
phenotypic plasticity promotes evolvability. Using the Avida digital evolution platform, they 
are experimentally evaluating whether evolution in the context of pre-existing phenotypic 
plasticity results in increased levels of coordination among cooperative organisms. They expect 
the evolution of more sophisticated communities of mutually-dependent organisms, with 
especially complex coordination mechanisms arising within cooperating groups. Phenotypic 
plasticity is the capacity for an organism to be able to select its phenotypic traits based on 
specific environmental conditions. In nature, plasticity can prove especially useful within 
organisms that exist in either spatially or temporally varied environments or that are engaged in 
mutualisms where behaviors are dynamically dependent on interactions. The team hypothesizes 
that more sophisticated coordination strategies will evolve within mutualistic groups when initial 
group members already possess the capacity for phenotypic plasticity. Lalejini is also beginning 
experiments to examine how well plasticity promotes major evolutionary transitions. 

Rich Lenksi and graduate student Jason Bundy are quantifying the relative contributions 
of adaptation, chance, and history over the course of parallel adaptive radiations in the E. 
coli Long-Term Evolution Experiment (LTEE) and digital organisms. Previous work on the 
LTEE (and follow-on experiments in Avida) on the relative contributions of adaptation, chance, 
and history to evolution in a new environment showed that the effect of adaptation dominated the 
evolutionary dynamics relative to the effects of chance (i.e., random mutation and drift) and 
history (i.e., phylogeny). However, the previous work involved only 2,000 generations of initial 
evolution in the LTEE. Bundy and Lenski are repeating that work, extending the period of initial 
evolution to 50,000 generations to test for changes in the relative contributions of adaptation, 
chance, and history over evolutionary time scales. They can thereby test whether the “footprint 
of history” becomes progressively deeper, perhaps eventually becoming too deep to be overcome 
even by intense selection. Additionally, they will extend the previous methods to allow adaptive 
radiations into multiple niches, using both bacteria and Avida as model biological and 
computational systems. 

 
Adaptation in action 

Yann Dufour and Chris Adami (MSU) are examining the evolution of non-genetic 
phenotypic diversity in bacterial populations. Genetically identical cells often exhibit 
phenotypic diversity that can be beneficial as a bet-hedging strategy or drive division of labor 
and collective behaviors. Non-genetic phenotypic diversity arises from stochastic fluctuations 
during protein synthesis or cell division. Because signaling and regulatory networks can buffer or 
amplify stochastic fluctuations it is expected that the control of phenotypic diversity is a 
selectable trait. This team aims to characterize the role of phenotypic diversity in Vibrio cholerae 
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using an interdisciplinary approach combining behavioral experiments with agent-based 
computational simulations. They have characterized experimentally the phenotypic distributions 
of Vibrio cholerae in several environmental conditions and with several mutants using single-cell 
video microscopy and quantitative biofilm assays. They have also identified several factors and 
genes that affect the shape of the phenotypic distributions in clonal populations. The team has 
started the computational evolution experiment using the Markov-brain platform to examine 
what environmental factors favors the emergence of phenotypic diversity in virtual agents. 
Preliminary data collected thus far has been used to prepare two collaborative grant proposals 
that have been submitted. 

Brenda Murdoch, James Foster, and Mark McGuire (all UI) are testing whether human 
milk sugars evolved in response to a biocultural sweet tooth. Human milk provides optimal 
nutrition during infancy, and its composition is used to estimate nutrient requirements of 
neonates and the gold standard for composition of infant formula. However, milk produced by 
healthy women around the globe varies dramatically in its composition, and little is known about 
the genesis of this variation. The team is examining a paradigm-shifting hypothesis that milk 
composition is evolutionarily customized to optimize infant health in a particular sociocultural 
and environmental niche by investigating the relationship between maternal genetic diversity and 
variation in human milk oligosaccharide (HMO) profiles. They will evaluate milk collected from 
480 women living in 8 countries as part of an NSF-funded project comparing differences in 
HMO profiles around the world and relate them to sociocultural and ethnic factors. This project 
will extend the parent study by examining the genetic variation of candidate genes thought to 
drive variation in HMO differences. Sequence variation in 4 HMO-related genes (FUT2, FUT3, 
LALBA, and B4GALT1) will be determined to identify functional polymorphisms. Importantly, 
these genetic variation data will be used to perform neutrality tests and association studies with 
differences in HMO isoforms and quantities, across and within the study population. This 
research will provide critical preliminary data needed for larger grant applications allowing 
investigation of genetically-driven differences in other milk constituents important to infant 
health while allowing us to determine if molecular evolution is occurring in these genes. This 
research collaboration involves evolutionary biologists, a geneticist, anthropologists, 
computational biologists, lactation physiologists, and nutritionists. 

Ben Kerr (UW), Rich Lenski (MSU), Christopher Marx (UI), and Sergey Stolyar (UI) are 
conducting an empirical validation of flux balance analysis. Taking advantage of genome-
scale models of metabolism, Flux Balance Analysis (FBA) solves for the optimal 
stoichiometrically balanced set of fluxes through metabolic reactions. The traditional thought is 
that millions of years of evolution has optimized microbial metabolism, and thus FBA should 
uncover an accurate distribution of fluxes. However, selection in most laboratory conditions does 
not act directly on BM/S (biomass per substrate), but rather favors increased growth rate. On the 
other hand, there are environmental conditions that do favor yield instead of rate adaptation. 
Under these conditions, the FBA optimality predictions have more solid grounding. Here we 
propose to test the ability of metabolism to be optimized for yield in a structured environment 
and the validity of FBA in emulsion droplet populations, a unique environment in which yield is 
directly selected. 

Charles Ofria, Wolfgang Banzhaf, Richard Lenski, and Clifford Bohm (all MSU) are 
examining how evolutionary forces shape local fitness landscapes. Fitness landscapes are an 
important tool for understanding evolutionary dynamics. Real-world fitness landscapes are 
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complex and varied; populations evolve to regions of a landscape with different mutational and 
epistatic properties depending on the specific evolutionary forces at play. These dynamics have 
been shown to produce effects like the “survival of the flattest” or the evolution of 
“evolvability.” The team has initiated a systematic study of how assorted evolutionary forces 
influence populations in common types of evolving systems (artificial life, EC, simulations). 
Specifically, they are developing a publicly-accessible database for storing information about 
local landscapes encountered during evolution, where contributors will specify the systems they 
use and their specific configurations. Database users also have access to a range of visualization 
tools for analyzing individual landscapes or comparing across systems or parameter spaces. An 
important part of these preliminary data will be comparisons to previous results: they will verify 
(or refine) prior studies on survival of the flattest and epistasis in sexual vs. asexual organisms, 
and put each into a broader context. In the longer term, they plan to identify new principles for 
evolutionary computation, develop more realistic and open-ended artificial life systems, and 
suggest experiments to be conducted in web-labs. 

Ben Kerr (UW) and Christopher Marx (UI) are investigating adaptation in the face of ever-
larger pulses of stress. Environmental change poses a dire challenge to natural selection and it 
is critical to understand how rates of environmental change impact adaptation. In situations 
where stressful events are transient, two adaptive strategies can emerge: grow at ever-higher 
levels of the stressor, or evolve sufficient resistance and wait for the stress to pass. Thus the rate 
of overall environmental change, the dynamics as each stress subsides and the pleiotropic 
connections between growth and survival will determine whether the population will survive at 
all, and whether it will be comprised of one lineage or multiple co-existing ones. The bacterium 
Methylobacterium extorquens can use methanol as a growth substrate by first converting it to 
formaldehyde, a compound toxic to all forms of life. M. extorquens can be evolved 
experimentally to utilize formaldehyde as a carbon source by using incrementally increasing the 
concentration of formaldehyde provided in the medium at each transfer. During each growth 
cycle, however, formaldehyde is consumed, which reduces how stressful the environment is. The 
team is using multiple rates of environmental change, neutral chromosomal barcode markers to 
track population dynamics during individual growth cycles and an NK model to understand the 
adaptive dynamics under these conditions. 

 
Effects of evolution on therapeutic treatments 

Jeff Barrick (UT), James Bull (UT), and Holly Wichman (UI) are studying the evolution of 
cultured stem cells. Embryonic and induced pluripotent stem cells are being increasingly used 
to model human disease, and they are perhaps the most promising new medical technology for 
correcting genetic defects, injuries, and diseases of aging. Yet, underlying this technology is a 
potentially subtle and largely undocumented problem: evolution. Both embryonic and induced 
pluripotent stem cells must be cultured to obtain sufficient numbers for reintroduction into the 
body, but we do not know how fast evolution occurs under these conditions or its therapeutic 
consequences. To rigorously address these questions for the first time, this team has begun a 
Lenski-style evolution experiment with mouse embryonic stem cells (mESCs). The overarching 
goal is to develop a pipeline for watching stem cell evolution in action spanning (i) culture and 
propagation protocols, (ii) phenotype analysis (growth rates and maintenance of pluripotency), 
and (iii) genome-scale analyses (karyotype, sequencing, gene expression). The team is testing 
how two different treatments that are used to prevent differentiation in culture affect the genetic 
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and phenotypic stability of stem cells. They are replicating this experiment in Texas and Idaho to 
evaluate the reproducibility of their pipeline. Viable cell samples generated that are not analyzed 
fully within the scope of this seed project will be archived for future analysis (e.g., of epigenetic 
changes), and they plan to use this template to test the effects of many more variables on stem 
cell evolution in future, collaborative grant applications. 

Perpetua Muganda (NCAT), David Arnosti (MSU), Gerry Dozier (NCAT), and Clay Gloster 
(NCAT) are working to understand coevolution and the role of herpesvirus and host 
noncoding RNAs in the emergence of human breast neoplastic phenotypes. Human 
herpesviruses have co-evolved with their hosts for millions of years, and are known to cause 
viral latency, sometimes leading to the emergence of the neoplastic phenotype. The detailed 
mechanism of the specific herpesvirus-host co-evolution culminating in the evolution of 
neoplastic changes in specific cells/tissues of the host are currently unknown. The team’s long-
term goal is to determine the step by step mechanism by which the human herpesviruses, 
Epstein-Barr virus and Cytomegalovirus, co-evolve with their host cells in specific cell types to 
cause the evolution of breast neoplastic variants. They are testing the central hypothesis that 
breast tissue and the herpesviruses undergo co-evolution and adaptation to result in the evolution 
of breast neoplastic phenotypes and variants through qualitative and quantitative evolutionary 
changes in viral and host miRNAs and other noncoding RNAs. This hypothesis is supported by 
the fact that non-coding RNAs are key regulators of evolution through changes in gene 
expression. Qualitative and quantitative changes in viral and cellular noncoding RNA gene 
expression will be measured along a continuum of the evolving breast neoplasia phenotype using 
breast deep sequencing data. All results will be correlated in order to identify the changes in gene 
expression that are co-evolving with the breast cancer phenotype. The causal role of these 
changes in the evolution of the breast neoplasia phenotype will be directly tested in vitro. 

 
Effects of Genetic Interactions on Evolution 

Cynthia Chang and Thelma Madzima (both UW Bothell) are examining plasticity and 
epigenetic modification as a form of bet-hedging in a highly variable environment. 
Environmentally induced epigenetic modifications could provide the basis for phenotypic 
plasticity and adaptive ability to stressful and variable environments, where the intensity and 
length of stress is unpredictable. Epigenetic modification provides a transgenerational response 
to environmental stress (“memory”), which is particularly important in the face of future climate 
change scenarios. Climate models predict both greater periods of drought and a more variable 
environment, which will drive the evolutionary ecology of how plant species respond to these 
environments. Evolutionary theory on the adaptive value of phenotypic plasticity provides 
insight into generational responses to environmental stress. When it comes to highly variable 
environments, there is much discussion about the value of bet hedging as a strategy. Bet hedging 
predicts that phenotypically diverse offspring are more favorable under variable, unpredictable 
conditions. Epigenetic “memory” of a high stress experience (eg. drought) could be potentially 
beneficial to the offspring in a highly variable stress environment. Together, plasticity and 
epigenetic modification may provide the keys to a population’s ability to adapt to climate 
change. We predict that as the environment becomes more variable, there is an increase in the 
adaptive value of both plasticity and epigenetic modifications beneficial to high stress 
environments. This team is using Arabidopsis thaliana, a fast-growing, primarily selfing, annual 
plant to understand the role of epigenetics and plasticity in adaptation to a highly variable 
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environment. These faculty members are also harnessing an existing research program that 
conducts course-based research with undergraduates at the University of Washington Bothell.  

Ben Kerr (UW), Doug Fowler (UW), and Luis Zaman (MSU graduate student, then UW 
postdoc, now University of Michigan faculty) are using deep mutational sequencing to explore 
pleiotropy and cross-drug epistasis. The selective effect of any mutation for an organism 
depends on both environment and genetic background. When the fitness effect of a mutation 
changes with genotype (epistasis) or environment (a form of pleiotropy), evolution becomes 
contingent. Such contingencies may constrain adaptive evolution, giving an element of short-
term predictability. The team is using a combination of saturation mutagenesis and deep 
sequencing to characterize patterns of epistasis and pleiotropy in the plasmid-encoded TEM-1 
beta-lactamase. They are first determining the fitness effect of all possible single amino acid 
variants of TEM-1 (4,997 mutations) in the presence of 6 different beta-lactam antibiotics. By 
comparing the enrichment and depletion of mutations across different drug environments, they 
can identify patterns of pleiotropy. They will then investigate how the fixation of a mutation 
conferring resistance to one drug can affect evolvability to a second drug.  

Christopher Marx (UI), Eric Bruger (UI postdoc), Sergey Stolyar (UI), and Cecilia Martinez-
Gomez (MSU) are using deep-sequencing and metabolomics analysis as a framework for 
uncovering fitness landscapes and modeling evolvability in engineered metabolomics 
networks. Epistasis – non-linear interactions between genotypic changes upon phenotypes – 
represents a critical challenge to optimization of biological systems, whether by evolution or 
engineered via synthetic biology. When mutational effects upon growth or product generation 
depend on the genetic background, assessing performance across the entire parameter space of 
any system of realistic size quickly becomes impossible. This is especially problematic when 
there is sign epistasis – mutations that change from beneficial to deleterious depending upon the 
other loci – as this creates ridges and peaks on the fitness landscape that can restrict stepwise 
optimization via either synthetic biological changes or beneficial mutations. Development of 
kinetic computational models of metabolism can provide guidance, but unfortunately these 
models are dogged by numerous free parameters. There is an immediate need for two linked 
developments: empirical techniques that can rapidly generate and assess rational, combinatorial 
variants, and modeling techniques to incorporate these data and predict where in parameter space 
further rounds of generation and assessment of variation would be most effective.  

Dukka KC (NCAT), Robert Newman (NCAT), and Claus Wilke (UT) are conducting 
computational studies to elucidate evolutionary conservation of phosphorylation sites. 
Phosphorylation is a key post-translational modification that controls the regulation of nearly all 
cellular processes in eukaryotes. Therefore, it is important to understand how phosphorylation 
networks are organized and regulated in both physiological and pathological states. Importantly, 
because cellular phosphorylation networks play a central role in regulating gene expression 
patterns and cellular metabolism, re-organization (or re-wiring) of these networks is likely to 
lead to systems-level changes in cellular physiology that can impact evolutionary parameters in a 
manner analogous (or complementary) to genetic variation. Interestingly, though 
phosphorylation-dependent signaling is a highly conserved mode of information processing 
across eukaryotic species, previous studies suggest that individual phosphorylation sites on 
orthologous proteins vary substantially across species. Past studies suggest that, on the one hand, 
phosphorylation might be subject to rapid evolution while, on the other, there may be functional 
constraints with respect to which substrates a particular kinase is likely to regulate. The team’s 
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goal is to perform a systematic comparison of the organization of phosphorylation networks 
between species. For this particular pilot project, our objective is to develop species-specific 
general phosphosite prediction tools to expand the list of candidate phosphosites in C. reinhardtii 
and to perform comparative analysis of conservation of phosphorylation sites across species. 

Billie Swalla and graduate student Shawn Luttrell (UW) are studying the evolution of gene 
networks underlying regeneration. Many invertebrates related to humans, such as echinoderms 
and their close relatives hemichordates, are capable of extreme regeneration and so do not age as 
quickly as most vertebrates. Some hemichordate species completely regenerate their central 
nervous systems and heads, if bisected in half. Hemichordates also exhibit three of the four 
characteristics traditionally attributed to chordates, including pharyngeal gill slits, a postanal tail 
and a dorsal, hollow nerve cord. The hemichordate Ptychodera flava can regenerate all of these 
chordate tissues within two weeks, and so is not affected by normal aging. The team is 
comparing the development of the central nervous system, the heart and kidney during 
metamorphosis and regeneration. The ultimate goal is to understand the gene networks 
underlying the processes of regeneration and anti-aging in these hemichordates. 

 

Thrust Group 2: Evolution of Behavior and Intelligence.  
This group investigates the evolutionary emergence, maintenance, and nature of intelligence 

and other behavioral phenomena. The organisms studied tend to be self-directed and capable of 
adaptive responses to ecological and social stimuli. Behaviors of interest include navigation, 
cognition, communication, coordination, social dominance, and mate choice. Digital evolution 
has proven to be a powerful tool in which data gathered from biological organisms can be 
applied to recreate the evolution of complex behavior in digital organisms. By observing the 
evolution of self-replicating digital organisms, we can understand the conditions that led to the 
evolution of complex behaviors in biological organisms. Data from these studies of digital 
evolution are integrated with studies of living systems from single-celled organisms all the way 
up to mammals. Broadly, the 9 projects listed below are studying (1) behavior as a selective 
force, and (2) the evolution of behavior in response to the environment (both biotic and abiotic 
environment). 

 
Behavior as a selective force 

Several current BEACON projects are focused on how behavior can act as a selective force 
on other individuals and on oneself, affecting not only other behaviors but also physiology. 
These studies include studies of behavior in the field, in the laboratory, and in silico.  

Molly Cummings (UT) and Charles Ofria (MSU) are merging behavioral and digital 
approaches to study coevolution of sexual selection and cognition. Intelligence or cognition is 
typically thought of as a product of natural selection (variation in survival attributes). This team 
is exploring whether learning abilities increase as a function of sexual selection (variation in 
mating success). They hypothesize that mating system complexity arising from both male-male 
competition and female response (discrimination among courting males and resistance to 
coercive males) favors an increase in cognitive abilities, resulting in a positive feedback loop 
between cognition and the evolution of complex mating systems. For this project, the team is 
using comparative behavior (mating system-specific assays in cognition, anxiety, sociality, mate 
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choice) and neurogenomics (gene expression across brain regions) methods with three poeciliid 
(guppy) species, alongside digital evolution (Markov Network Brains) approaches to understand 
how mating system complexity might evolve. They ask: does sexual selection influence the 
evolution of female learning? Does increased female cognition in turn influence the evolution of 
alternative male mating tactics? The initial results have encouraged the team to continue their 
collaboration with an NSF DEB proposal submission in 2018. 

Postdoc Eben Gering, with Tom Getty and Danielle Whittaker (all MSU) are investigating 
whether multimodal courtship abets feralization. In managed settings the chicken (Gallus 
gallus) is a premier system for sexual selection research, thus its ornaments (e.g. the rooster’s 
comb) and behaviors have been exceptionally well characterized. Surprisingly, however, 
evolutionary studies of these traits have never been conducted in an unmanaged population, 
including the rapidly evolving feral populations that occur worldwide. Gering and Getty 
previously discovered that individuals in a feral G. gallus population on Kauai Island are a 
product of recent admixture between ancestral stock (Red Junglefowl) and escaped domestic 
breeds developed for reproduction (layers), fighting (gamecock) and/or growth (broilers). This 
complex history has generated extraordinary sexual trait variation, and work in progress finds 
evidence of non-neutral evolution of genes controlling ornaments and reproduction, suggesting 
sexual selection in action. The team is capitalizing on this unusually complex yet tractable 
system to: 1) measure relationships between male sexual traits and female mating preferences 2) 
relate male traits to male dominance and hormonal status 3) compare these relationships among 
populations with diverse patterns of recent ancestry. The researchers have collected data on 
auditory, visual, and chemical signals from Kauai Island. They have also added another feral 
population in Bermuda to the study, and, in addition to analyzing phenotypic data, are using 
genetic data to determine this population’s ancestry. Results will be compared to predictions 
derived from competing theories of sexual selection, thus informing highly active debates about 
the evolutionary significance of non-random mating. In particular, this work will reveal how 
mate choice abets or impedes the feralization of a non-native taxon with hybrid origins – a bird 
whose “unnatural” history exemplifies many unique features of Anthropocene populations. 

Kay Holekamp (MSU) and collaborators Frants Jensen (post doc, Aarhus University), Andy 
Gersick (post doc, Princeton), and Ari Strandburg-Peshkin (post doc, Max Planck Institute for 
Ornithology) are studying the role of individual intelligence in the evolution of collective 
sensing and defense. The team uses spotted hyenas as a model system to investigate how the 
decision-making of “intelligent” group-living animals allows them to sense and respond to 
threats, and to explore the evolutionary drivers of this decision-making. Past research has shown 
that relatively simple decision-making rules can enable coordinated behavior in spatially and 
temporally cohesive groups. However, important unanswered questions remain about more 
human-like behavior, in which heterogeneous individuals with differentiated social roles and 
relationships must coordinate over long time-scales, and across spatially dispersed networks. 
This study represents a novel combination of next-generation sensor technology with traditional 
field experiments and long-term behavioral data-collection. The group is testing hypotheses 
about contextual factors and caller-receiver relationships that may influence responses to 
recruitment calls. The field experiment tests subjects’ responses to recruitment calls from either 
clanmates, known (rival) neighbors, and strangers. Continuous data-collection from collars fitted 
with fine-scale GPS, accelerometers, magnetometers and acoustic sensors allows us to analyze 
and model not only short-term responses to these highly salient stimuli, but long-term movement 
decisions, signaling behavior and ranging patterns. By modeling the immediate and longer-term 
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decisions individuals make in response to highly salient events, the team hopes to understand 
how these animals have evolved a functional system for maintaining cohesion and coordination 
across their dispersed, heterogeneous groups. 

Brian Connelly (UW postdoc), Ben Kerr (UW), Joshua Nahum (MSU), and Katrina van 
Raay (UW graduate student) are testing how tradeoffs during niche adaptation stabilize niche 
construction. Through just about all that they do, organisms change their environment. From 
metabolizing resources to building dams, these niche constructing behaviors can profoundly 
influence natural selection in both positive and negative ways. This project will develop and test 
a new theory that as populations modify their niche, tradeoffs can emerge that enable positive 
niche constructing behaviors to be maintained by a paper-rock-scissors dynamic. The team is 
also extending their model to include epistasis, which may lead populations to become 
“addicted” to niche construction as they continue to adapt to their environment. 

 
Evolution of behavior in response to abiotic and biotic environments 

Kay Holekamp and Arend Hintze (MSU) are testing the Cognitive Buffer hypothesis, 
which suggests that the evolution of general intelligence is favored directly by natural selection 
to help animals cope with novel and unpredictable environments, where it is adaptive because it 
enables individuals to exhibit flexible behavior, and thus find innovative solutions to problems 
threatening their survival and reproduction. Various correlational data support the hypothesis that 
general intelligence enhances fitness in new and unpredictable environments, but no 
experimental work has yet been conducted to test predictions of the cognitive buffer hypothesis. 
This team is now conducting such experiments in living and digital spotted hyenas. Hintze is 
performing the work with digital hyenas and Holekamp and students are assessing general 
intelligence in the context of evolutionary novelty in Kenya, as reflected in exposure to 
urbanization. 

Janette Boughman (MSU), postdoc Jason Keagy (MSU), Hans Hofmann (UT), Deborah 
Stenkamp (UI), and Gideon Bradburd (MSU) are examining the evolution of sensory systems in 
extreme habitat, particularly focusing on compensation for the loss of visual information. 
Across Iceland are hundreds of lakes that formed since the last ice age, and others within the past 
hundreds or even tens of years due to volcanic and glacial activity and intense storms. 
Sticklebacks have repeatedly colonized many of these freshwater lakes and rivers, which present 
novel, changing environments. The lakes vary ecologically; one of the most conspicuous 
ecological differences is that some lakes are glacially fed and highly turbid, whereas others are 
spring fed and clear. Sticklebacks use visual information to find food, avoid predators, and 
choose mates. But in these glacial lakes visual information is obscured. How does the visual 
system evolve in response? Is there heightened visual acuity to support vision, or instead 
decreased overall investment in vision with another sensory modality evolving heightened 
sensitivity to compensate? Are there changes in the sensory periphery (the eyes) or in the size of 
brain region underpinning vision (optic tectum) or both? How quickly do these evolutionary 
changes in sensory systems occur? To address these questions, this multidisciplinary team will 
compare pairs of populations from glacial and clear water lakes across evolutionary time, for 
both phenotypes and genotypes. They will evaluate the functional consequences and rate of 
evolution in the visual system, and using novel computational approaches, the extent of genetic 
change due to ecology, time, and space. The rapidity of adaptive evolution in stickleback fish 
makes this the epitome of evolution in action. This collaboration brings together expertise in 
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brain evolution, visual systems, computational genetics, and evolutionary ecology. Preliminary 
data from this project have contributed to securing a 5-year NSF Dimensions of Biodiversity 
grant awarded to Boughman for over $1.8M.  

Barbara Lundrigan, Laura Smale and Arend Hintze (all MSU) are investigating temporal 
niche evolution, with plastic and mosaic activity patterns at center stage. Virtually every 
animal faces major challenges that result from the earth spinning on its axis and the concomitant 
daily fluctuations in light and temperature. However, the way that species cope with these 
challenges can vary markedly: some concentrate their activity during the day, others at night, and 
many have highly malleable or mosaic patterns. Evolutionary transitions from one temporal 
niche to another involve modification of mechanisms that coordinate a multitude of behavioral 
and physiological rhythms, but there are other changes that may have to occur as well to ensure 
that animals can survive when their activity coincides with a world that is cold/dark, 
warm/bright, or both. The team is now focusing on organisms, both virtual and real, that live in 
the latter world, whose activity patterns are highly malleable or are characterized by short bouts 
of activity distributed across a 24-hour period. They are taking an integrated approach that 
includes a phylogenetic analysis of “real world” change in these patterns and in adaptations 
associated with them, and computational modeling of evolution in a “virtual world” where 
experiments can be performed to test hypotheses about how different parameters may have 
shaped these evolutionary patterns. The project will contribute to education of undergraduate 
students through development of a freshman honors seminar in which students become engaged 
in a substantive research experience focused on the project, and an exhibit entitled "Temporal 
Niche Evolution: Patterns and Process" will be installed at the MSU Museum. 

Chris Adami and Devin McAuley (MSU) are working to understand attentional 
entrainment in complex and dynamic environments. Humans and other animals have adapted 
to live in environments that change at scales that range from milliseconds-to seconds, to 
circadian and beyond. A special window into the cognitive processing of temporal signals is 
audition because the patterns that sounds make are intrinsically extended in time. Therefore, the 
processing of auditory patterns by necessity requires the representation of temporal information, 
as well as of temporal patterns. In a recent study, human subjects were exposed to a rhythmic 
(periodic) sequence of tones, followed by a tone whose duration the subject is to estimate (the 
“oddball”). The oddball is usually the same duration as the background entrainment tone, but can 
be delivered early, on-beat, or late, leading to differences in perceived duration because 
entrainment creates a temporal expectation that alters perception. This study attempts to shed 
light on how brains represent temporal structure as well as relative timing information by 
creating—via the process of digital evolution—specific models of temporal cognition that go 
beyond the standard models, in that they are logically explicit networks that process auditory 
information in time. These networks are artificial brains (Markov brains) that can control 
behavior, and that can be interrogated and tested just like human subjects are. But because we 
have the ability to perfectly record from these artificial brains, we can deduce how and where 
temporal information is represented and processed. The team has successfully evolved brains 
that entrain to various rhythms and are also capable of perceiving duration of events by correctly 
judging the length of tones. They have also tested evolved Markov models against late and early 
tones in a rhythm pattern and found promising similarities between their models’ behaviors and 
results from human subjects. They are now designing experiments with human subjects to verify 
the results from digital brains. 
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Danielle Whittaker (MSU), Kevin Theis (Wayne State), and postdoc Joel Slade (MSU) are 
evaluating the contribution of symbiotic microbes to reproductive isolation of vertebrate 
populations. Chemical signals can play a key role in speciation when they contribute to pre-
mating reproductive barriers. In terrestrial vertebrates, many chemical signals involved in social 
and reproductive behavior are produced by symbiotic microbes, suggesting a potential role for 
microbes in the process of animal speciation. To test the hypothesis that symbiotic microbes can 
influence speciation in their hosts, empirical studies are needed to understand the relationships 
among microbes, host phenotypes, and host biology and behavior, ideally in populations that are 
currently in the process of diverging. The results of such work will lead to new perspectives on 
environmental effects on host phenotypes via symbiont colonization, the links between 
symbionts and host behavior, and the process of speciation. The team’s long-term goal is to 
understand the contribution of symbiotic (i.e. resident) microbes to reproductive isolation and 
speciation of animal hosts. The objective of this project is to test hypotheses about how host 
biology and behavior relate to symbionts’ influence on one premating reproductive isolating 
mechanism: chemical signals used in mate choice. The central hypothesis of the research is that 
host social networks, in addition to host genotype, strongly influence the symbiotic microbiota 
that contribute to chemical signals used in mate choice, and this process facilitates host 
reproductive isolation and speciation. The group is approaching this work through both 
experimental and observational studies in a rapidly evolving vertebrate species, the dark-eyed 
junco (Junco hyemalis). This species has rapidly differentiated into several subspecies since the 
last glaciation (~12,000 years ago), and shows limited gene flow among these groups despite 
geographic overlap. The team is focusing on two seasonally sympatric subspecies in Virginia, 
northern (J. h. hyemalis) and Carolina (J. h. carolinensis) juncos. Due to their geographic 
distribution, morphological variation, and apparent rate of change, the junco subspecies have 
been described as an example of “speciation in action” and provide an excellent opportunity to 
test hypotheses about the role of symbiotic microbes in the process. 

 

Thrust Group 3: Evolution of Communities and Collective Dynamics.  
Research in this group focuses on systems of interacting individuals and the emergence and 

organization of higher-level assemblages including communities, social groups and multicellular 
organisms. Broadly speaking, this research includes (1) evolution of cooperation; (2) 
coevolutionary dynamics of interacting species; (3) microbiome evolution; and (4) evolution of 
antibiotic and antimicrobial resistance. Eleven funded projects currently fall into this thrust 
group. 

 
Evolution of cooperation  

Ben Kerr (UW) and Rich Lenski (MSU), with postdocs Brian Connelly (UW), Luis Zaman 
(UW), and graduate student Kyle Card (MSU), are conducting an empirical test of the 
evolution of cooperation by the Hankshaw effect. This project uses a novel experimental 
technique to test whether cooperation can be favored by hitchhiking along with non-social 
adaptations, a process termed the Hankshaw effect. Specifically, they are examining how 
continued environmental stress and positive assortment—via the presence of antibiotics in 
spatially structured environments—impact the evolution of cooperative public goods production. 
Based on theoretical results, they hypothesize that cooperators will reach highest frequency in 
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the presence of stress and when populations are structured. This experimental test of the 
hypothesis requires three components: a cooperative trait (prudent resource consumption), 
positive assortment, and environmental stress (antibiotics). They are testing the hypothesis with 
E. coli strains from the Long-Term Evolution Experiment.  

Kay Holekamp (MSU) and collaborators Frants Jensen (post doc, Aarhus University), Andy 
Gersick (post doc, Princeton), Mark Johnson (St. Andrews University), and Ari Strandburg-
Peshkin (post doc, Max Planck Institute for Ornithology) are examining cooperation in the face 
of social complexity, focusing on the evolution of long-distance and long-term collective 
behavior in spotted hyenas. To explain the evolution of cooperation, five general mechanisms 
have been proposed, including kin selection, direct and indirect reciprocity, group selection, and 
network reciprocity. However, it is often problematic to quantify the influence of each of these 
mechanisms, and to test them against one another. With the long-term aim of establishing a 
model system where they can tease apart the influence of different selective mechanisms acting 
to promote cooperation, the team is studying cooperative resource defense in free-living spotted 
hyenas in Kenya. They have designed unique radio collars that not only give information about 
the animal’s position in space, but also collect accelerometer data to show how hyenas are 
moving through the landscape. The collars also have a sound recording system that captures 
what the hyena is hearing; the accelerometer data can then be used to understand how individual 
listeners respond to distant vocal signals indicating that resources are under threat. 

 
Coevolutionary dynamics of interacting species 

Andrew Ellington (UT) and Holly Wichman (UI) are conducting rapid analysis of parasite 
dynamics and evolution in arthropod populations. Many viruses that afflict and threaten 
humanity are carried by insects, such as the recent Zika virus outbreak that is carried by 
mosquitoes. Being able to monitor the spread of the virus through insect and human populations, 
and being able to chart viral evolution, are of key importance for public health decisions. 
However, it is difficult to monitor viruses in the wild, because we lack instrumentation to do so. 
It is also difficult to develop instrumentation, because experiments with diseases require 
extensive and expensive containment. The Ellington lab has developed a portable device that can 
ascertain molecular signatures of infection in the field. The Wichman lab has developed a model 
system for infecting the laboratory organism Drosophila with arboviruses. This team is using the 
point-of-care device to monitor the spread of arboviruses in Drosophila, with an eye towards 
understanding whether this exercise could be extended to mosquito populations and more deadly 
arboviruses in the wild. In addition, the Drosophila system can be used to monitor the spread of 
the bacteria Wolbachia, which is being considered as a countermeasure to arboviruses. However, 
there are legitimate concerns about containing countermeasures, and a study that can measure 
interactions between host (Drosophila), pathogen (arbovirus), and countermeasure (Wolbachia) 
will greatly inform the scientific and public health communities regarding how to best intervene 
in insect-borne epidemics. 

Gregory Bonito and Kevin Liu (MSU) are conducting a phylogenomic study of adaptive 
coevolution between early diverging fungi and obligate bacterial endosymbionts in the 
Burkholderiaceae. They are testing hypotheses on the acquisition of bacterial endosymbionts in 
a globally distributed soil fungus, Mortierella elongata, and its consequences for genome 
evolution of host-endosymbiont partners. This work builds upon recently discovered bacterial 
endosymbioses in fungi, and assembled genome sequences of both fungal host and bacterial 
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endosymbionts. They have developed and are employing novel computational inference methods 
to study co-evolutionary signals in host/symbiont genomes to identify genomic regions under 
positive selection and reorganization. This research will lead to improved inference tools for 
genomic studies of adaptive co-evolution. The team has been applying phylogenetic network 
inference to large-scale genomic sequence datasets and is preparing a manuscript describing their 
new method, “FastNet”: the first method capable of fast and accurate species network inference 
using hundreds of genomes. 

Joshua Nahum (MSU) and Katrina van Raay (UW) are investigating what they describe as a 
“one-two punch”, in which microbes combine killing systems in a single cell. Chemical 
warfare in the microbial world is ubiquitous. One kind of chemical weapon microbes employ is a 
proteinaceous toxin called a bacteriocin. The best-studied bacteriocins are the colicins, produced 
by and active against Escherichia coli. Many colicin systems encode suicidal lysis genes, such 
that the producing cell releases the toxin through cell lysis. Released colicin kills sensitive 
competing cells allowing immune clones of the producer to capitalize on the liberated resources. 
However a major group of colicin systems lack this lysis gene, and it has been unclear how such 
toxins were released from the producing cell. Here, we explore a newly discovered union 
between such a colicin system and a prophage (bacterial virus that has been incorporated into the 
bacterium’s genome), where release of the colicin occurs via phage-encoded cell lysis. This 
union should be detrimental to susceptible cells, which would be hit by a one-two punch: once 
by the colicin, once by the phage. Preliminary mathematical modeling suggests that the success 
of this dual killing system depends on the prophage’s ability to produce infectious virions. If the 
prophage is cryptic (encoding lysis, but not producing infectious phage), then this dual system is 
susceptible to invasion by “cheaters” that only possess the colicin system (and its immunity) but 
do not lyse. Here, we explore this social dilemma and its potential resolution in detail through a 
combination of mathematical modeling, microbial evolution experiments, and agent-based 
simulations. 

 
Microbiome evolution 

Kay Holekamp (MSU), Kevin Theis (Wayne State), and Connie Rojas (MSU graduate 
student) are examining the evolution of the gut microbiome in a wild mammal population. 
Host-associated microbial communities are fundamental to the nutrition, immunity, 
development, and behavior of their animal hosts. Despite the ample individual variation in 
microbiota among hosts, the assembly and persistence of microbes on animals’ bodies are not 
random. Instead, microbiota are often host species-specific and niche-specific to particular body 
sites on the host. There has been much research on the influence of the microbiome on host 
evolution, but less about the potential impact of the host on the evolution of microbiomes. 
Microbial populations like many populations, are subjected to dispersal, diversification, 
environmental selection, and ecological drift. Microbes interact with one another and undergo 
rapid evolution, due to their fast growth rates and high amounts of horizontal gene transfer. But 
how much do these dynamic mixed microbial communities and their individual populations 
change over time within a host and across host generations? What are the functional 
consequences for the host? And, are there any host or ecological correlates that can explain 
variation in and potentially drive the evolution of animal microbiomes? This team is capitalizing 
on a unique 30-year, longitudinal data set of fecal samples collected from a wild population of 
spotted hyenas (Crocuta crocuta) in Kenya to document how the behavior and socio-ecology of 
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these animals shapes their gut microbiota and microbiome over tens of thousands of microbial 
generations. They are using amplicon and metagenomics sequencing to assess the stability, 
structure, function, and diversity of the gut microbiota and microbiome of four hyena matrilines 
spanning three decades. 

James Foster (UI), Joseph Graves (NCAT), Scott Harrison (NCAT), Eric Mittelstaedt (UI), 
and Janet Williams (UI postdoc) are studying microbes and microplastics to discover whether 
there is evidence for selection in a novel deep ocean niche. Plastics are a serious threat to 
ocean ecosystems. Plastics are bio- and photo-degraded into tiny fragments being found in deep-
sea sediments on the ocean floor in amounts comparable to levels found in sediments of shallow 
and intertidal zones. Recent studies have identified plastics to be almost ubiquitous across 
samples assayed in several deep-sea environments including the North Atlantic, the Southern 
Ocean, the Gulf of Guinea, and the Mediterranean Sea. Another study has examined how this 
“plastic rain” effects the ocean floor ecosystem, finding that six of nine animals examined from 
diverse parts of earth’s oceans, had microfiber plastics in their systems. It is reasonable therefore 
to suppose that there are recent (in evolutionary terms) emergence of niches for plastic-degrading 
bacteria in deep ocean sediment that would lead to selection for those bacteria. Mittelstaedt 
recently collected ocean sediment cores from the Mid-Atlantic ridge. The team’s goals are to 
quantify changes in microbial communities’ composition and strength of selection across 
sediment locations and layers, and to examine deep ocean plastic fragments directly for bacterial 
inhabitants. 

 
Evolution of antibiotic and antimicrobial resistance 

Eva Top (UI) and Ben Kerr (UW) are examining the evolution of plasmid persistence and 
host permissiveness and their effects on the emergence of multi-drug resistance. Antibiotic 
resistance is commonly spread through bacterial populations via conjugative plasmids, extra-
chromosomal pieces of DNA that can transfer between bacteria and often contain antibiotic 
resistance genes. Plasmids are generally considered costly towards their host in the absence of 
selection for the plasmid (e.g. an antibiotic-free environment). However, coevolution between a 
host and its plasmid can reduce plasmid carriage costs through compensatory mutations. While 
this can lead to greater maintenance of that plasmid in the population (and thus an increased 
proportion of antibiotic-resistant cells), it is unclear how these mutations affect the persistence of 
other novel plasmids in the environment, i.e. plasmid permissiveness. The team is testing the 
effects of host/plasmid coevolution on plasmid persistence and permissiveness by evolving 
multiple host/plasmid pairs and comparing the ability of the evolved vs ancestral hosts to 
maintain their own and novel plasmids in the absence of antibiotic selection. They will co-
culture the resulting compensated pairs and determine whether there is an increase in multi-drug 
resistance (resulting from the co-occurrence of both plasmid types in the same host), compared 
to when a co-culture of the ancestral pairs is propagated. They will further test whether this can 
lead to the creation of multi-drug resistant plasmids via recombination of both plasmid types into 
a single larger plasmid. These experiments are complemented with mathematical modeling. This 
study will lead to a better understanding of how multi-drug resistant plasmids and bacterial 
populations arise, which has important relevance in our fight to mitigate multi-drug resistance in 
agricultural and clinical settings. 

Scott Harrison (NCAT), Kristen Rhinehardt (NCAT postdoc), Misty Thomas (NCAT), 
Benjamin Kerr (UW), and Joseph Graves (NCAT) are studying antimicrobial resistance and 
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the pleiotropic effects of compensatory mutations. Mutations conferring resistance to 
antimicrobials commonly impose a fitness cost in the absence of selecting drugs. Removal of the 
selecting agent should therefore favor reversion back to sensitivity. Contrary to this expectation, 
experimental studies have found that resistance is often stably maintained in populations of drug 
resistant microorganisms even in the absence of antibiotics. This occurs when bacteria acquire 
second-site mutations that ameliorate the cost of resistance, called compensatory mutations. 
While many studies have demonstrated the beneficial fitness effects of compensatory mutations, 
few have thoroughly examined their effects on drug resistance (beyond providing confirmation 
that bacteria have not reverted back to sensitivity). The team suggests that compensation may 
also lead to changes in the level of resistance due to epistatic effects with the initial mutation 
conferring resistance. They hypothesize that such epistatic interactions may be particularly 
common in cases where compensatory mutations occur within the same gene as the initial 
resistance mutation. The group will test this hypothesis using a combination of experimental 
evolution, genetic engineering, and whole genome sequencing to compare compensatory 
mutations in diverse mutant genotypes of Escherichia coli resistant to two distinct antimicrobial 
compounds: rifampicin and ionic silver (Ag+). 

Maitreya Dunham (UW) and Eva Top (UI) are identifying the natural reservoirs of 
antibiotic resistance. The rapid evolution of multidrug resistant bacteria has become a serious 
global human health threat. Horizontal transfer of plasmid-borne antibiotic resistance genes 
(ARG) is a major contributor to this evolution of resistance. A wide range of environments like 
soils, manure and wastewater treatment plants have been pointed out as reservoirs of ARG that 
can end up in pathogens. However, limited information is available on the carriers of these ARG: 
are they encoded by plasmids and can thus easily move to pathogens, and who are their bacterial 
hosts? The team is adopting an innovative approach using chromosomal conformation capture, 
or Hi-C, to physically link the resistance genes and plasmids to their bacterial host chromosomes 
in these ecosystems before cells lysis, followed by deep metagenome sequencing. The 
preliminary results obtained through this seed grant are needed for this multi-institutional, 
interdisciplinary partnership to embark on larger studies that will assess the risk of horizontal 
transfer of ARG from environment to clinic. Follow-up studies will eventually lead to 
breakthroughs in urgently needed approaches aimed at slowing the rapid evolution of antibiotic 
resistance by restricting the flow of ARG from these environmental reservoirs. 

Alita Burmeister (Yale postdoc), Jim Smith (MSU), and Paul Turner (Yale) are studying 
gene-level selection, phage, and the evolution of antibiotic resistance. Gene-level selection 
appears to be common in nature, where it underlies the spread of factors important to human 
health, such as antibiotic resistance genes and pathogenicity islands. However, the evolutionary 
and ecological mechanisms underlying gene-specific replication in natural populations have been 
understudied. Molecular biology studies have determined that replication of individual genes can 
occur through horizontal gene transfer from one genome to another. One of the major modes of 
horizontal gene transfer involves the packaging of host DNA into phage capsids, which deliver 
the DNA to another cell where it recombines into the chromosome. This process, termed 
transduction, has long been used to transfer genes in laboratory molecular biology. This project 
will identify basic principles of how Salmonella phage transduction evolves in natural 
populations, laboratory populations, and in theoretical computational populations. These basic 
principles will help predict future pathogen evolution and will inform policy and best practices 
for long-term effectiveness of antimicrobial drugs and therapeutic phages. 
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Thrust Group 4: Evolutionary Applications.  
Technological applications of evolution have become more prominent in BEACON, as has 

knowledge transfer, leading us to create a new Thrust Group as an umbrella for work that uses 
evolution as a powerful tool. Evolution is a generative process that has created diverse and 
complex biological systems, but fully harnessing that creative power has remained elusive. 
BEACON researchers are making advances in areas including applications for (1) 
biotechnology; (2) agriculture; and (3) healthcare and forensics; as well as (4) development of 
evolutionary computation methods. Below we describe 18 projects currently funded in this thrust 
group. 

 
Biotechnology Applications 

Maitreya Dunham (UW) and Jeff Barrick (UT) are developing methods to reduce yeast 
evolvability. Synthetic biologists are designing organisms with increasingly complex functions 
encoded in DNA sequences. Evolution is a foundational challenge for bioengineering because it 
makes the function of these genetically modified organisms unpredictable and unreliable. 
Budding yeast (Saccharomyces cerevisiae) is an important organism for industrial-scale 
fermentations. One of the signature achievements of synthetic biology to date has been creating a 
yeast strain that is able to produce a precursor of the antimalarial compound artemisinin in high 
yield. However, genetic instability of this and other reengineered metabolic pathways has been a 
major hurdle to achieving efficient large-scale production, and evolutionary failure is beginning 
to be recognized as an economically important problem in the biotechnology industry. The goals 
of this project are to understand and reinforce synthetic biology in yeast against Evolutionary 
Failure Modes (EFMs). The team is profiling the EFMs of model devices in yeast using high 
throughput DNA sequencing. This information will be used to refine predictions of genetic 
instability made by an EFM Calculator software tool. Second, they are combining rational and 
directed evolution approaches to create yeast strains with generally reduced mutation rates. 

Jeffrey Barrick (UT), Christoph Adami (MSU), and Luis Zaman (University of Michigan) 
are engineering fitness landscapes to delay unwanted evolution. Synthetic biology is rapidly 
advancing our ability to create complex genetic circuits and perform feats of metabolic 
engineering. This progress is enabling medical, manufacturing, and energy breakthroughs. 
However, when organisms are engineered to perform some desired task, it is typically at the 
expense of resources that would otherwise be invested in producing more offspring. For this 
reason, evolution often favors organisms that have accumulated mutations disrupting the 
engineered function. This team is working to harness clonal interference, a phenomenon that 
occurs in large asexual populations whereby competition between multiple beneficial mutations 
slows the fixation of any one allele, as a means of prolonging the lifetime of a burdensome 
function in a population. The basic setup is to add the possibility for one or more decoy 
mutations into the fitness landscape of a cell. The decoy mutations are designed to “distract” 
adaptive evolution from inactivating the engineered function. The two key questions for this 
proof-of-principle seed project are: (1) What is the optimal design for a suite of decoy mutations 
to maximally extend the lifetime of the desired function in a population? (2) Can the half-life of 
an engineered trait be extended even further by dynamically altering the environment in a way 
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that replenishes the supply of decoy mutations? The team is examining both questions using a 
BEACON-inspired combination of modeling approaches and microbial evolution experiments. 

 
Agricultural Applications 

Erik Goodman (MSU), Erik Runkle (MSU), and international collaborators are working on 
greenhouse optimization using evolutionary computation. This BEACON project is a portion 
of a much larger project between BEACON Center and Tongji University, Shanghai, China. The 
overall goal is to develop greenhouse climate control strategies that balance maximizing of 
tomato fruit yield and minimizing of resource consumption for a new generation of greenhouses 
in China. The control system will use the concept of “compatible control,” using ranges of 
allowable states rather than single target values. For this control system to be evolved correctly, 
the plant growth/yield model must work very robustly, so that unusual and poor growth 
conditions that would never be tested by a human greenhouse manager—but MIGHT be 
generated by a genetic algorithm—will not improperly be assigned high yields. This allows a 
genetic algorithm to explore the control space freely without generating unrealistic behaviors and 
results, In the current reporting period, the team has completed a model of the greenhouse 
microclimate that runs sufficiently fast that it can be evaluated many thousands of times in an 
evolutionary multi-objective optimization process. They are currently focusing on designing a 
control structure that evolutionary multi-objective optimization could be used to parameterize, 
including PID controllers for several types of actuators and a set of time-of-day-dependent 
setpoints and parameterizable deadbands about them.  

Kalyanmoy Deb, Andrey Gruber, and Alvin Smucker (MSU) are developing ways to ensure 
minimal water and nutrient usage for maximum crop yield using multi-objective 
evolutionary algorithms and subsurface water retention technology. Optimizing a food, 
energy and water nexus system is an international priority. National and international projections 
suggest that 65% more food and biomass production will be required to support global human 
populations approaching 9.6 billion by requiring 50% more irrigation water by 2050. Water is 
vital for irrigation of crops but water is also scarce; today’s food and biomass producers are 
obligated to use judicial consumption of water for irrigation. In a previous project, this team 
optimized the new Subsurface Water Retention Technology SWRT for minimizing irrigation 
water supply while maximum retention of water in the root zone using HYDRUS2D simulation 
software. However, ensuring continuous supply of water at the root level does not guarantee the 
growth of crop and eventual crop yield, which itself depends on many factors, such as incoming 
solar energy, plant transpiration rate temperature, climatic conditions, type of crop, etc. In this 
project, the group extended their research by including another evaluation software (DSSAT) for 
estimating crop growth. Their results demonstrate that their model calibration produces less than 
5% validation error and the optimization procedure introduces 99% water use efficiency with the 
help of rainfall water, and increases corn production by as much as 6 times compared to 
randomly scheduled irrigation without the SWRT membrane. This integrated framework reduces 
human effort and facilitates further investigation in maximizing crop production. 

In a related project, Kalyanmoy Deb, A. Poyan Nejadhashemi, and postdoc Mohammad 
Abouali (MSU) are developing evolutionary optimization of water and nutrient use 
efficiency for sustainable agricultural intensification. In today's world, we are facing the 
challenge of meeting the growing demand of food with limited environmental resources. Water 
and nutrient availability are the major production limiting abiotic factors in the regions where the 
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yield gaps are high. In this regard, effective water and nutrient management plays a crucial role 
in food security by closing the yield gaps. Optimizing water and nutrient management not only 
improves crop yield, but also reduces production cost, conserves resources, and protects our 
environment. Due to the presence of multiple objectives, expensive simulation routines, and 
nonlinearities in objectives and constraints, evolutionary optimization methods with their recent 
advances remain as potential tools for addressing these important socio-economic problems. In 
the regions where both nutrient and water availability are constraints to crop yield (e.g. Sub-
Saharan Africa), combined water and nutrient management is essential in increasing food 
production. In summary, intensification of agricultural production cannot be achieved in a 
sustainable manner unless water and nutrient management are considered together, which is the 
goal of this study. 

Scott Harrison, Felicia Anike, and Omoanghe Isikhuemhen (NCAT) are investigating fungal 
microbiomes in pigs. The team is developing new analyses and new technologies with 
evolutionary science for resolving challenges related to the monitoring and cultivation of 
agricultural livestock. As a case study in industrial application, this project also provides students 
with experiential training in the day-to-day operations of a genomic sequencing service. Their 
aims are: 1) to compare microbiomes of domestic and wild pigs as hosts of fungal and other 
microbial populations; and 2) to conduct reproducible formal comparative methodologies that 
efficiently and meaningfully relate next generation sequencing data to metagenomic profiling 
and coevolutionary analysis. The team is collecting samples from the NCAT campus farm, other 
farms, the USDA natural resources conservation service, and a meat processing plant in Texas. 
Schematics are developing for reproducible implementation of a metagenomic profiling and 
coevolutionary methodology.  

Kalyanmoy Deb (MSU) is working with several US and international collaborators to 
evaluate agri-environmental government-farmer tax policies for controlling fertilizer run-
off using an evolutionary bi-level framework. The socio-economic structure in an advanced 
country is based on a hierarchical system, on which the government acts as a higher-level policy 
maker, fixing taxation and other regulations. In an agri-environmental policy context, the 
individual farmers then act as lower-level followers who must work within stipulated tax laws 
and regulations, and come up with strategies of maximizing their production and revenues. 
Although the government has more control on the overall process, their policy-making strategies 
usually come from more global considerations, such as long-term environmental effects, 
practices of one community affecting neighboring communities, etc. Moreover, a too-stringent 
policy may not be practical or economically viable for the farmers. Almost all analysis and 
simulation of agri-environmental policy to date employs at most a single level of optimization, 
which does not fully incorporate the impact of the optimizing response of farmers on policy 
formulation. Instead, comparisons of scenarios are common where a small number of agency 
policies are stipulated and then farmers optimize within those constraints. This team is 
developing and evaluate a transparent, bi-level policy making strategy on an agri-environmental 
policy making to control nitrogen from agricultural production in the Calapooia Basin in Oregon. 
The study will use different tax policies on nitrogen fertilizer to maximize total farm profit and 
minimize nitrogen loading at the outlet of the Calapooia river basin. The research proposes 
handling of multiple objectives, uncertainties, and study effect of decision-making priorities for 
leader and followers for arriving at a viable and pragmatic policy solutions. The group has also 
formed a team involving social scientists from NCAT to work on a bigger research proposal on 
land-use management and government-farmer modeling. 
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Healthcare and Forensic Applications 

Chris Waters (MSU), Joseph Graves (NCAT), and Jeff Barrick (UT) are using evolution to 
explore antimicrobial resistance and spur new antimicrobial development. Antimicrobial 
resistance is a growing health threat that has been recognized by the Federal Government of the 
United States as a key national health priority. Without the development of novel antimicrobial 
therapies, a number of infections will become untreatable. The goal of this project is to use 
experimental evolution followed by whole genome sequencing (EERseq) to explore the 
development of resistance and the mechanism of unique antimicrobial agents. Understanding the 
mechanism of these agents, and how bacteria evolve resistance to their treatments, are key steps 
in the drug development process. The major focus of the Waters laboratory is to develop novel 
agents that can treat bacterial biofilm infections. Biofilms are defined as multicellular 
communities of bacteria encased in an extracellular matrix, and are inherently resistant to 
antibiotic treatment. In collaboration with the Barrick laboratory, mutations leading to 
Pseudomonas aeruginosa resistance to tobramycin will be identified and ultimately 
reconstructed in the parent background. In parallel with this work, the Graves group continued its 
efforts to investigate the genomic foundations of resistance to silver (AgNP and Ag+) in 
Escherichia coli K-12 MG1655. Their goals are to 1) develop CRISPR-Cas9 competent cells to 
allow genome editing of identified silver mutations from selection experiments into ancestral 
K12 MG1655; 2) develop plasmid mediated acquisition of silver resistant mutations into 
ancestral K12MG1655; 3) measure gene expression profiles of silver resistance in mutant 
genomes; and 4) model protein structure changes due to anti-silver mutations in cusS and other 
silver resistance associated loci. The Barrick lab has continued to develop breseq software for 
analyzing the genomes from EERseq experiments (https://github.com/barricklab/breseq). Within 
the past year they have concentrated on improving the gdtools suite of commands for performing 
various operations on Genome Diff files that describe sets of mutations found in sequenced 
clones from parallel evolution experiments. They have also created an interactive website 
(implemented using the R package Shiny) for displaying and filtering mutations found in the 
Lenski long-term evolution experiment (http://barricklab.org/shiny/LTEE-Ecoli/). This code can 
be used to display the mutations found in EERseq experiments in the future. 

Joseph Graves and Shyam Avaramudhan (NCAT) are examining the evolvability of 
resistance to 3D printed nanostructures that may stab, poison, or do both to planktonic or 
biofilm bacteria. Nanoparticle shape had profound impacts on silver nanoparticle (AgNP) 
toxicity. Specifically, triangular AgNPs were far more effective in reducing bacterial growth 
compared to spherical one. The team is using hybrid nanocomposite 3D printing technology to 
print sharp pyramidal ABS structures (at micron to nanoscale). These will be compared to flat 
surfaces for survival of E. coli, Pseudomonas aeruginosa, and Staphylococcus aureus biofilms 
over 24 hours. They are also examining the interaction of shape with poisonous compouds by 
embedding these with AgNPs and iron oxide NPs (FeNPs), and comparing them to flat surfaces 
with AgNPs and FeNPs for survival of E. coli, Pseudomonas aeruginosa, and Staphylococcus 
aureus biofilms over 24 hours. To test whether geometry and poison affect the evolvability of 
resistance, bacteria surviving 6-h treatment on the nanosurfaces will be collected and grown over 
night in standard culture conditions. Samples of these bacteria will be reapplied to the surface the 
next day. Measurements of bacterial survival will be determined over the course of the 
experiment. Bacteria seem to have standard methods of addressing toxic materials, e.g. 
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prevention of entry, efflux, or alteration of target substrates. Protection from physical damage is 
often mediated by the secretion of extracellular polysaccharides. The team will use whole 
genome sequencing to determine genomics changes associated with resistant phenotypes from all 
treatments. RNAseq will be used to characterize gene expression changes associated with the 
selection treatments. 

Holly Wichman (UI), Claus Wilke (UT), and F. Marty Ytreberg (UI) are developing ways of 
predicting non-functional mutations in protein complexes. Robust methods to predict the 
trajectory and consequences of real-time viral evolution have many important applications in the 
fight against infectious disease. The long-term goal of this project is to develop a computational 
approach for predicting when evolution is about to outpace the effectiveness of vaccines and 
other immune-based therapies. The team’s approach relies on asking which mutations in a virus 
disrupt antibody binding while still allowing viral function; these will constitute a watch list for 
pathogen surveillance. They are complementing three methods of molecular modeling with 
empirical tests of functionality to assess the cut-offs for changes in folding and binding 
consistent with viral function. Currently they are in the process of building 20 viruses containing 
mutations predicted to disrupt folding of a viral spike protein, 20 predicted to disrupt binding of 
proteins to each other, and 20 arbitrarily selected to cover a range of folding and binding effects. 
They have estimated folding and binding stability using modeling for all 3325 possible amino 
acid substitutions in a spike protein, and are in the process of building 60 viruses, each with a 
change at a single site in protein G, and will use these to develop a protocol for predicting the 
effects of substitutions on folding and binding. The resulting dataset will be unique and rich, will 
reveal the cut-offs for functionality, and will provide the statistical power to examine the trade-
off between functionality prediction and computationally intensity of modeling methods. 

Gregory Bonito and Kevin Liu (MSU) are developing a novel phylogenomic framework 
for forensic DNA localization. Forensic DNA analysis is indispensable to criminal investigation 
and the criminal justice system. The goal of this interdisciplinary project is to create and validate 
a novel tool for localizing DNA samples, including trace evidence from non-human organisms. 
This computational tool will provide important investigatory clues, especially in international 
cases (e.g., “hit-and-run” terrorism using air travel), and criminal evidence. The key insight is 
that evolutionary relatedness between a forensic DNA sample and population-based DNA 
samples from a particular locale is a telltale signature of local origin. The team’s phylogenomic 
pipeline incorporates FastNet, their recently developed computational method for fast and 
accurate phylogenomic inference, for accurate reconstruction of evolutionary relationships 
between forensic and population-based DNA samples. Statistical approaches will be used to test 
for significant sample enrichment from a single location of origin. This yields greater forensic 
power since the probability that multiple independent samples originate from the same location 
by chance becomes vanishingly small as more samples are considered. The team will perform an 
empirical cross-validation study to demonstrate the power of our tool in comparison to the 
current state-of-the-art. The study provides a proof-of-concept using genomic DNA sampled 
from globally distributed fungal populations. More broadly, they intend to demonstrate the 
power that phylogenomics and evolutionary thinking can bring to forensic DNA analysis. 

 
Development of Evolutionary Computation Methods 

Wolfgang Banzhaf and Charles Ofria (MSU) are harnessing eco-evolutionary dynamics 
for open-ended evolution of intelligence. This project focuses on developing a new 
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evolutionary computation technique where human advice is incorporated via the use of limited 
resources. This ecological technique both promotes population diversity and allows for 
unreliable information to not drag down the system (while useful information should still 
accelerate adaptive evolution). They are testing a proof of concept of the value of ecological 
effects in EC in idealized toy models, and then developing more complex systems (based on 
board games) to demonstrate the ability of these techniques to produce improved solutions. Thus 
far they have added limited resources to a number of standard EC techniques and demonstrated 
several different changes in dynamics. 

Wolfgang Banzhaf and Kalyanmoy Deb (MSU) are deciphering innovative free-form 
solution principles using genetic programming and multi-objective optimization. In 
scientific and technical problem solving activities, researchers constantly seek new and improved 
solutions to meet immediate requirements of the problem. On certain occasions, they aspire to 
develop a systematic and reliable methodology for their routine applications under different 
scenarios. But human minds are inquisitive and therefore, in addition to finding specific 
solutions, we are often interested to learning the underlying principles for constructing a high-
performing solution without starting from scratch. In game-playing activities, this is precisely the 
approach we often follow. By playing the game many times against various scenarios, we gather 
“rules” that are found to produce successful outcomes. In future events, we then try to use the 
learned rules to make our moves. In a number of recent studies in engineering design and other 
optimization problems, Deb suggested a generic two-step “innovization” method to arrive at 
innovative solution principles through multi-objective optimization in the hope of deciphering 
useful design principles for a better understanding of the problem: 1) a multi-objective 
optimization method involving two or more conflicting criteria (usually, cost versus quality) 
which are likely to produce multiple trade-off solutions, and 2) a machine-learning-based feature 
extraction procedure applied to multiple trade-off solutions to decipher hidden design principles 
involving variables, objectives and constraints. This team is using genetic programming (GP) as 
a framework for discovering free-form rules hidden in a set of trade-off optimized solutions. 
After the base GP methodology is developed, they will investigate the use of GP in more 
advanced innovization tasks, such as lower-level and temporal innovization tasks. 

Bill Punch and graduate student Armand Burks (MSU) are hybridizing structural and 
behavioral diversity for efficient genetic programming. A substantial amount of research has 
been conducted with the aim of understanding the role of structural diversity in genetic 
programming (GP). As a result, several techniques have been developed to promote structural 
diversity during the evolutionary process in order to improve the efficiency of GP. Over the 
recent years, however, a newer body of work has shown that while structural diversity is vital to 
the success of GP, methods that focus on sustaining behavioral diversity may be even more 
beneficial, due to the complex genotype-to-phenotype mapping. While these two research areas 
have received a lot of attention, they have often been developed independently of each other. 
This project focuses on simultaneously leveraging the benefits of both structural and behavioral 
diversity to achieve a more efficient, robust, and scalable GP system. The team has obtained 
initial findings supporting their hypothesis that simultaneously focusing directly on structural 
and behavioral diversity in tree-based GP is beneficial. They are currently extending this 
research to analyze other behavioral diversity selection methods in their system, as well as 
analyzing the effects of incorporating different behavior-aware crossover operators into their 
system. 
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Clifford Bohm (MSU) is developing an automated method for recycling evolved elements 
in Markov Brains to improve the speed and strength of adaptation. If we hope to evolve 
general-purpose intelligent machines, we must find ways to utilize logic evolved in one problem 
domain to help solve problems in others. For that, we must develop techniques that can 
determine, extract and recombine parts of solutions to problems that may appear to be different, 
but which share methods or algorithms. Ideally these techniques would be fully automatic and 
would not be limited by human insight. Bohm is extending existing Markov Brain software 
(specifically, MABE, Modular Agent Based Evolver, github.com/ahnt/MABE) to allow for 
remapping of existing evolved Markov Brains so that they can be recombined so that previously 
evolved solutions can be used as stepping stones to evolve new solutions. 

Risto Miikkulainen and graduate student Jason Liang (UT) are evolving deep networks. 
Deep Learning Neural Networks have recently been shown to solve many challenging problems 
from image recognition to language translation. Often the performance is based on carefully 
designed complex network architectures. In this project, an approach is being developed for 
evolving deep learning architectures based on coevolution of modules and blueprints. The 
resulting networks should improve deep learning performance over hand-designed architectures. 
The approach will be tested on the standard image recognition benchmark of CIFAR-10, as well 
as the new problem of recognizing objects in cluttered images in the COCO benchmark. The 
project will thus demonstrate a unique role for evolutionary computation in the current AI 
literature—i.e., optimization and discovery of effective deep learning designs, and thereby 
increase the visibility of EC in mainstream AI. The team is currently investigating algorithms to 
evolve the hyperparameters and topology of deep neural networks. 

Sandeep Kulkarni (MSU) and Kaushik Roy (NCAT) are exploring new approaches to 
ensemble and neural network topological evolution for touch-based authentication. In a 
typical access-control scenario, once authentication has taken place, a session remains active and 
a device remains unlocked until an individual or the server closes the session. In the event that a 
user leaves their device or workstation without closing an active session, the system may be 
accessed by an unauthorized party during the period before session timeout. To counteract this, 
active authentication can be implemented to continuously monitor the identity of the individual 
using a device. Behavioral biometrics can be monitored unobtrusively in the background, 
without the need to explicitly query the user for input. This team is using touch-screen swipe 
pattern authentication to avoid smart-phone session hijacking. 

In a project with clear applications for societal benefit, Robert Heckendorn (UI), Kalyanmoy 
Deb (MSU), and Ahmed Abdel-Rahim (UI) are using evolution to manage real-time 
evacuation planning. The University of Idaho site involves routing traffic during a disaster in 
which the traffic network, zones of safety, and location of the evacuees is constantly changing as 
the disaster unfolds. The idea is create a diverse population that robustly reacts to the changing 
conditions and optimizes in real-time. The Michigan State site of the project is looking at the 
problem as a constraint problem and working on evolving solutions to the problem in that form. 
Test problems are shared between the two halves of the project. A Civil Engineer with expertise 
in traffic modeling (Abdel-Rahim) is providing consultation on traffic simulations. The 
evacuation problem is considered to be a problem of optimizing the sum of the safety of 
individuals within a fixed amount of time. All places in the network have a safety value. Some 
places are very safe and others marginal and some are unsafe. Software was developed to do 
optimization of problems of moderate size (1000 street intersections) in a reasonable amount of 



BEACON 2017 Annual Report  II. Research, 41 

time. A test suite of real and artificial cities will be created that stress the software to solve 
difficult routing problems that might occur during an evacuation. The team is also trying cases in 
which topology, road capacity, safety values change as the disaster evolves. They are also 
including cases where people do not obey the evacuation orders, and the system routes them 
from their new locations. 

 

2b. Progress towards metrics listed above. 
 

Integrative Research Goals 
1. New research collaborations and proposals 

• Of the 53 projects currently underway, 25 are new projects and include new collaborations. 
• 150 publications submitted this reporting period, of which about 47% are reported as 

multidisciplinary and 38% can be categorized as multi-institutional 
• Many projects include funding for students/postdocs/faculty to travel between partner 

institutions.  
 

2. New paradigms for research in organic and digital domains  

• Number of new sessions at scientific meetings or scientific meetings hosted at BEACON: 
None to report for this period.  

• Number of new journals and societies: None to report yet. 
• New or increased funding for biocomputational research: so far in this reporting period, 

BEACON researchers have submitted at least 48 proposals, and >$19M in external funding 
has been granted. 

 
3. Increase in publications related to evolution in action  

• Number of publications: 150 publications submitted by BEACONites to date in the current 
reporting period  

• High visibility science journalism about BEACON research: Since our previous annual 
report, there have been 8 university press releases about BEACON research. Over 20 features 
on BEACON research appeared in the mainstream and online media in this period. 

 
4. Development and dissemination of new curricula and resources to train 
multidisciplinary scientists  

• It is currently not possible to track Avida downloads, as Github has removed that function. 
Currently 338 people have starred the Avida project on GitHub (and thus are monitoring the 
development in some form). The current version of Avida has not been under active 
development for about two years as we build a new (web-enabled) version, from scratch, 
using more modern technologies. This new version should be released in the coming year. 
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• The new version of Avida-ED is browser-based. The development team is exploring methods 
to track users. 

• over 5,000 visits to BEACON website monthly, where all resources are linked 
 
Ethical Research Goal 

1. Responsible Conduct of Research (RCR) training and scientific norms/virtues 
• Robert Pennock and Michael O’Rourke have offered 5 Scientific Virtues workshops at 

BEACON in the current reporting period, including a new module on Perserverance. 4 
modules have also been offered as part of a class at the University of Idaho. 

• The very multi-disciplinary weekly Friday meetings have been going on continuously since 
October 29, 2010. 22 seminars were offered in the current reporting period.  

 
Research Output Goals 

1. Original research by BEACON members on evolution in action will be prominent in the 
evolution literature 

• Number of publications submitted: 150 reported to BEACON February-October (goal is 150 
per reporting period, February-January) 

• Conference presentations: 181 reported (goal is 150) 
• Grant proposals submitted: 48 submitted (goal is 40) 
• Our ongoing goal is 150 publications, 150 conference presentations, and 40 grant proposals 

submitted per year in the first two years. These goals were not met in 2011 – likely due to 
underreporting by BEACON members – but have been met annually since then. Our original 
goal was to increase these numbers by 50% by October 2015, which has been achieved 
already for conference presentations and grant proposals, and nearly achieved for 
publications. Our current goal for phase 2 of BEACON funding is to double the original 
numbers: 300 publications, 300 conference presentations, and 80 grant proposals submitted 
per year, by October 2020. The primary barrier to achieving this goal appears to be not a lack 
of productivity but a lack of reporting by BEACONites, as members are admitting to 
“reporting fatigue.” 

 

2. BEACON research output will be perceived as making an important contribution to the 
literature  

• Seventh External Advisory Committee meeting was held August 2017. 
• Feedback from last External Advisory Committee meeting was very positive (Appendix C). 

 
2c. Research plans for the next reporting period. 

Most of the projects described above will continue into the next reporting period and end in 
August 2018. We will hold our project selection process for Year 9 (see explanation in VII. 
Management) in February 2018 in order to choose projects that will begin in August 2018. We 
do not anticipate any further changes in thrust groups or research themes.
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III. EDUCATION 
 

1a. Overall Education Goals  
BEACON’s Education, Human Resources, and Diversity (EHRD) overarching goal is to 

integrate cutting-edge, multidisciplinary research, education, and outreach across the Center that 
will advance innovative training, increase the diversity of the Center and scientific workforce, 
and promote greater understanding of evolution and the nature of science throughout public 
education. We are approaching this goal in two ways: by educating a diverse new generation of 
interdisciplinary scientists and engineers and by advancing K-16 programs that address the 
pressing national need to bolster U.S. pre-eminence in science and technology by educating 
people about the importance of understanding, managing, and harnessing biological and 
computational evolutionary processes.  

Science education reform recognizes that students learn better when information is organized 
around major unifying concepts (National Research Council, 2012), and all recent science 
education reform places evolution as a core idea within the biological sciences (Brewer and 
Smith, 2011; College Board, 2011). Across all BEACON, our educational projects aim to use 
BEACON research demonstrating evolution in action to reveal the power of evolution, showing 
that (1) evolution is a historical AND ongoing dynamic process; (2) evolutionary biology is a 
good example of how science works; and (3) evolutionary processes can help us solve complex 
biological and engineering problems. 

 

1b. Performance and management indicators/metrics 
In this table we summarize our optimal outcomes and metrics from our Strategic 

Implementation Plan, and briefly note our progress towards these goals. For more details on 
progress, please see section 2e. 

 
Education Goals 

GOAL METRICS PROGRESS 
Multidisciplinary Ph.D. 
graduates and post-docs 
placed in faculty positions at 
rates approaching averages 
across engineering, computer 
science, and biology 

Fraction of BEACON 
graduate students and post-
docs receiving offers of 
faculty positions  

Among BEACON’s alumni to 
date: 15/88 (17%) PhDs and 
13/26 (50%) postdocs are now 
in faculty positions. 49 (56%) 
of BEACON PhD graduates 
are currently in postdoctoral 
positions. 

Increased public literacy in 
evolution and the nature of 
science 

Development of educational 
materials 

Testing, presentation, and 
publication of educational 
materials. Evaluation 
instruments are being used to 
assess effectiveness. 

Adoption of materials by 
teachers; frequency of public 
use of online materials and 

Cross-institutional 
dissemination of materials is 
underway. 
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visits to museum exhibits 
Increased interest in STEM 
careers in both academia and 
industry 

The creation of programs that 
provide for the sustainability 
of students interested in 
STEM 

Programs like the Luminaries 
Scholars and URA program at 
KBS assist in these areas. 

Communication of the 
diversity of careers associated 
with STEM disciplines 

Participation in diverse careers 
workshops, and tracking our 
own students. 

 

1c. Problems encountered in making progress towards goals 
Internal education activities: We continue to discuss and evaluate the effectiveness of our 

educational programs. Our graduate training courses create unique inter-institutional challenges 
such as different academic calendars (for example UW is on a quarter system whereas MSU is 
on a semester system). Despite these challenges Computational Science for Evolutionary 
Biologists CSE 801 currently has nine students enrolled for Fall 2017 and Evolutionary Biology 
for Non-life Scientists has six students for F17.  

External education activities: The greatest challenge comes in assessing our effectiveness at 
meeting our goals related to increasing public understanding of evolution and the nature of 
science. Many of our external outreach activities are designed to be short and highly interactive. 
It is difficult to assess what learning occurs. We do, however, use these opportunities to test the 
operations of the activities we develop, and from that perspective, these can be viewed as 
successful as they give us an opportunity to work out the bugs. We also regularly receive 
positive feedback and evaluations related to our outreach activities. 

 
2a. Internal Education Activities 
 
Activity Name Interdisciplinary Graduate Education 
Led by Arend Hintze, Louise Mead, Mike Wiser, Chris Adami,  

and Wolfgang Bauer (MSU) 
Intended Audience Beginning graduate students 
Approximate # of attendees ~25 per year 

BEACON has instituted, and continues to offer, a series of courses specifically designed to 
train graduate students across disciplines. Courses include Computational Science for 
Evolutionary Biologist (MSU’s CSE 801, Fall) taught by Dr. Arend Hintze; Evolutionary 
Biology for non-Life Scientists (ZOL 890) taught by Drs. Louise Mead and Mike Wiser; and 
Multidisciplinary Approaches to the Study of Evolution (CSE 891, Spring) taught by Wolfgang 
Bauer.  

Computational Science for Evolutionary Biologists: This class emphasizes programming 
in the first 5 weeks and teaches students Python and iPython-notebook. The second half of the 
class is about computational modeling and data analysis, and deepens the students’ programming 
skills further. The class has 9 participants for the F2017semester, and 1 of these students 
auditing.  
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Evolutionary Biology for Non-Life Scientists: ZOL 890-60x is currently being taught at 
MSU, with an enrollment of 5 students (one of whom is at University of Idaho) and an additional 
person from NC A&T who is auditing the course. The learning goals of the class are for students 
to: (1) understand key concepts of evolutionary biology; (2) relate evolutionary concepts to 
patterns of biological diversity; (2) be able to construct and test evolutionary hypotheses; (3) be 
excited about evolutionary biology; (4) be able to explain evolutionary biology to non-scientists; 
(5) recognize what they do not know about evolutionary biology and develop strategies to 
complete their knowledge. The course is currently co-instructed by Drs. Louise Mead and 
Michael Wiser. The opportunity to engage a postdoctoral researcher as a co-instructor provides 
additional training. 

Multidisciplinary Approaches to the Study of Evolution: In Spring 2017, three students 
were enrolled in the course. The course provides an introduction to engaging in multidisciplinary 
research collaborations involving biologists, computer scientists, and engineers by addressing 
fundamental questions about the dynamics of actively evolving systems (both biological and 
computational). Students work on these projects in multidisciplinary and multi-institutional 
teams when possible, with guidance to help them develop an understanding of the nature and 
challenges of such collaborative endeavors and how to overcome discipline-specific language 
and conceptual issues. Drs. Wolfgang Bauer and Chris Adami co-instruct the course.  

 
Activity Name A short-course in microbial metagenome analysis 
Led by Ashley Shade and Tracy Teal (MSU) 
Intended Audience Graduate students, postdocs, and faculty 
Approximate # of attendees 20-30 

BEACON continues to support EDAMAME (Explorations in Data Analyses for 
Metagenomic Advances in Microbial Ecology). In 2017 the course was offered as a seven-day, 
intensive short-course at Kellogg Biological Station co-taught by Drs. Ashley Shade and Tracy 
Teal. Learning goals for the course include (1) increasing computing literacy, (2) developing 
proficiency in cloud computing, (3) analyzing microbial amplicon sequences; (4) analyzing 
microbial shotgun metagenome sequences; (5) applying ecological statistics to analyze and 
interpret microbial sequencing data; (6) access resources provided by public sequence databases. 
in how to analyze microbial metagenomic data, from raw sequence handling to statistical 
analyses, co-taught by Drs. Ashley Shade and Tracy Teal. The short course provided training for 
advanced graduate students, post-docs, faculty from both research and teaching institutions, and 
advanced researchers from government laboratories and industry.  

 
Activity Name BEACON URA Field Experience at Kellogg Biological 

Station 
Led by Kay Gross (MSU), Gregory Goins and Joseph L. Graves Jr. 

(NCAT) 
Intended Audience Undergraduate Students 
Approximate # of attendees 4 

This project provides funding for MSU students to participate in the Undergraduate Research 
Apprentice (URA) program at KBS. The URA program provides students an integrated research 
and educational experience that increases their understanding of evolution and the nature of 
scientific research and introduces them to career opportunities in STEM. The URA program 
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complements the NSF funded REU program at KBS by focusing on early career undergraduates 
(rising sophomores) and introduces them to skills needed to be successful in further research 
experiences. BEACON funding leverages support from other sources for the KBS URA program 
and provides a scaffolding to the NSF-funded REU site grant that supports more advanced 
students. URAs gain research experience by taking 1-3 courses at KBS (tuition funded 
separately), working as a research assistant with a graduate student or postdoctoral mentor, and 
participating in professional development activities and seminars at KBS. In 2017, we supported 
4 MSU students (3 were women) working on a wide range of projects associated at KBS focused 
on BEACON theme of evolution in action, specifically focusing on how populations and species 
interactions respond to climate change. The mentors for these students were all women – Elena 
Litchman (KBS/IBIO), Jen Lau (KBS/PLB), and Phoebe Zarnetsky (FOR/FW) – two (Litchman 
and Lau) are affiliated with BEACON. 

 

2b. Professional development activities 
 

Activity Name BEACON and Beyond: Broadening Participation and 
the Scope of Public 

Led by Tessa Solomon-Lane (UT), Hans A. Hofmann (UT), Travis 
Hagey (MSU), Alexa Warwick (MSU) 

Intended Audience BEACON Graduate students, postdocs, and faculty 
Approximate # of attendees 20-40 

Engaging with the public is a fundamental professional responsibility for academic scientists, 
and it is required by many funding agencies. Engagement is also a civic responsibility. Although 
Americans have confidence in science and trust in scientists, science denial and the spread of 
false claims, especially in politics, can be dangerous for society. However, participation in public 
engagement is often limited to “the dedicated few,” as many are unaware that public engagement 
benefits professional development and scholarship. We have developed an innovative, evidence- 
based program that motivates, recruits, and trains graduate students and postdocs in best 
practices for public engagement and pairs them with opportunities to engage. We aim to 
professionally package and disseminate this program so it can be replicated in any institution to 
concurrently enhance trainee professional development and public engagement. We will also 
expand our program to include a module on framing a scientific audience for different audiences, 
one of the most important communication skills. Finally, although BEACONites currently 
engage the public in a wide variety of ways, our survey data show striking underrepresentation of 
engagement with public policy and policy makers. We will develop a specialized curriculum for 
engaging this audience and facilitate policy engagement opportunities. This work adds new and 
important dimensions to public engagement training and action and will reshape how scientists 
learn to communicate to diverse and influential audiences.  

Drs. Solomon-Lane, Hagey, Warwick, and Hofmann led two sandboxes at the BEACON 
Congress in August 2017: 1) Build a Frame: Matching the scientific context to the audience and 
2) Bridging the gap between STEM and public policy. The workshops were attended by faculty, 
graduate students, and postdocs with varying degrees of experience with public engagement and 
from different disciplines, including biology, computer science, and education. Information 
about the sandboxes was shared in a BEACON blog post on September 29th, entitled “Frame 
your science to make it accessible, including for your representative.” A full-day workshop is 
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currently planned at UT Austin early in the spring semester (2018). Feedback solicited during the 
sandboxes will be incorporated into the next workshop. 

Diversity in science, and the importance of scientists engaging with diverse public audiences, 
was an important discussion topic during our BEACON Congress sandboxes. By contributing to 
and improving upon the professional development of BEACON graduate students and postdocs, 
our project can support the continued professional success of these diverse scientists. Engaging 
with the public, especially K-12 students, also contributes to the future diversity of STEM fields.  

 
Activity Name A Virtue-based Approach to RCR Training 
Led by Robert Pennock, Michael O’Rourke, Chet McCleskey 

(MSU) 
Intended Audience Undergraduates, Graduates, Faculty 
Approximate # of attendees ~100 

BEACON’s Ethics Goal, as articulated in the Strategic Implementation Plan, is to “practice 
and promote ethical and responsible research by implementing cross-disciplinary and multi-
institutional ethics programs that will inform and guide all participants of the Center.” The 
strategic plan had also identified a barrier to this goal, noting that, “We anticipate difficulties 
ensuring compliance with RCR (responsible conduct of research) training, as students and 
researchers may find the training requirements burdensome.” Through BEACON seed funding, 
and now a Templeton Foundation grant, Pennock and his team continue to develop and offer 
virtue-based RCR modules at our annual Congress, helping grad students and post-docs fulfill 
their RCR requirements. 

 
2c. External education activities  

Across our consortium, BEACONites are engaged in education and outreach efforts, both 
formally through the development and testing of novel tools, lessons, and curriculum, as well as 
more informal efforts through participation in community and public outreach events. In all cases 
we aim to provide participants with an experience of evolution in action – showing them that 
evolution is an ongoing process happening now, that evolution can help us solve complex 
problems, and that evolutionary science is a good example of how science works. 

 
Activity Name African American Pioneers in Evolutionary Science: The 

Untold Story 
Led by Joseph L. Graves, Jr. (NCAT), Judi Brown Clarke (MSU) 
Intended Audience General public 
Approximate # of attendees 1000s 

The goal of the project is to further understand how social relations have always determined 
who gets to pursue scholarly study, particularly in the natural sciences. The team is specifically 
interested in determining the current demography of African Americans in evolutionary science 
and reconstructing the history of this population in the field.  

The group held a 2-day conference at North Carolina A&T State University in March 2017 
with the goals of 1) producing a more comprehensive list of African American pioneers in 
evolutionary science, 2) producing a more comprehensive list of African Americans in the 
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evolutionary science pipeline, 3) producing scholarly publications that address the subject of the 
conference, 4) broadening the interest of historians, sociologists, and philosophers of science in 
this topic, 5) producing outreach materials (books, films, podcasts) addressing the contributions 
of pioneering African American scientists in evolutionary science for K12 audiences and 
university audiences. There were 16 total participants from the fields of Evolutionary Biology, 
Experimental Evolution, Ecology, Molecular Biology, Biology & Society, and Social 
Psychology. Attendees included 7 faculty, 2 postdocs, 5 graduate students, and 1 undergraduate; 
12 were African American and 1 was Mexican American. The conference agenda included the 
following topics: 
• Why and when did you decide to pursue a career in evolutionary science? (Dr. Paul Turner) 

• Pioneers will share their origin tales; please present your evolution tree as part of your story. 
• Next generation will share their origin stories, also presenting their evolution tree. 
• Individuals will be asked for permission to record their narratives. 

• Constructing the tree of African Americans in evolution (Dr. Jane Maienschein) 
• Who are the African American pioneers in evolutionary science? 
• In what period did their careers begin, and what where their contributions to the field? How might 

these have been influenced by their social experiences as African Americans? 
• Social Factors (Dr. Terence Keel) 

• How did race and gender influence who became founders?  While we have a good sense of who 
the African American founding fathers were (e.g. Graves, Edwards, Turner) who were the 
founding mothers? 

• What are the ongoing barriers to representative participation of African Americans in the 
evolutionary science?  Is there a need for an organization or caucus within the professional 
evolution societies that addresses the concerns of African Americans? 

• How might African American social concerns be addresses by the research agenda of 
evolutionary science? 

• How Do We Begin the Scholarly Study of African American Pioneers? (Dr. Terence Keel) 
• Studying the African American Experience: How might historians, sociologists, and philosophers 

of science begin to address the African American experience in evolutionary science?  How have 
these scholars addressed African American social issues that have stemmed from or been related 
to evolutionary science? 

The conference was successful in broadening the interest of historians, sociologists, and philosophers of 
science on this topic. Work to produce the planned outputs is ongoing. 

 
Activity Name Are Students Losing the Thread? Interweaving 

Evolution and Molecular Biology in the Classroom 
Led by Ben Kerr, Peter Conlin, Katie Dickenson, Hannah Jordt, 

Scott Freeman (UW); Sarah Eddy (UT) 
Intended Audience Undergraduates 
Approximate # of attendees 100s 

Funding from BEACON is also contributing to the development of a course-based 
undergraduate research experience (CURE) at the University of Washington. The Department of 
Biology has support from the Howard Hughes Medical Institute (HHMI) to develop, test, and 
implement—at large scale—an authentic research experience for students in the introductory 
course series for majors. The experience will be based on experimental evolution in Escherichia 
coli, using a suite of antibiotics, phages, and/or abiotic conditions as environmental challenges. 
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During the first course in the year-long series, students will design an experiment, perform serial 
transfers of cultures in the environment they design, perform fitness assays, and communicate 
their results to peers.  

The project is designed in three phases: I. Design development and piloting with small 
student groups; II. Assessing changes in student conceptual understanding, scientific skills, and 
affect, via a “matched sections” comparison of students who complete the authentic research 
experience vs. traditional labs, and III. Given evidence of efficacy in Phase II, implementing at 
scale (up to 1150 students per quarter). BEACON funding was used to support Phase I and II by: 
(1) Developing molecular protocols to support student use of PCR, Sanger sequencing, minimum 
protein visualization, and other techniques; (2) Developing educational modules to support 
students in understanding and analyzing the data that they are generating, including using excel 
and R to visualize their results; (3) Developing assessment tools to support the experiments 
planned for Phase II. 

The second year of funding has seen research scientist Dr. Joya Mukerji, who is the project 
lead, successfully develop protocols and a student manual for the first-quarter of the authentic 
research experience, in collaboration with Dr. Kerr, Research Scientist Katie Dickinson, graduate 
student Peter Conlin, and post-bac research assistant Chase Merrill. Following a successful 
piloting in the Spring of 2016 which provided valuable information for revisions to the lab, a 
successful second pilot class was conducted in winter 2017 with 24 students. This course 
included adding serial transfer so students could make comparisons between their progenitors 
and descendants.  

Mukerji, Freeman, Dickinson, and Kerr have also designed the pilot for Phase II of the 
CURE with the help of a graduate student Kelly Hennessey. Twenty-four student participants—
all of whom will have participated in the pilot of the first quarter in the CURE— went through 
the class spring 2017. Students, analyzed their evolved products from the first quarter to better 
understand the molecular machinery of the evolution of antibiotic resistance though 1) sequence 
analysis of target-encoding gene from antibiotic-resistant vs. reference strains, 2) protein 
visualization, and 3) genomic sequence analysis. Finally, after some additional changes, Mukerji, 
Dickinson, and Kerr finished final protocol revisions and the third pilot course is being run 
Autumn 2017. The class will then be scaled up to four sessions of 24 students winter 2018 with 
the follow up class being taught in the spring 2018. 

In addition, the UW Biology Department made a dedicated lab space and office available for 
Mukerji to use during Phase I and II of the project; she succeeded in renovating and equipping 
both rooms. Colleague Dr. Jennifer Doherty conducted focus groups with students who 
participated in the course. Dr. Mukerji also held a series of informational and brainstorming 
meetings designed to update key stakeholders in the department and university, and obtain 
feedback. Mukerji, Freeman, Eddy, and colleague Dr. Greg Podgorski have developed a suite of 
assessments to use in measuring student mastery of key concepts and competencies during Phase 
II of the study. Finally, Kerr and Dickinson are investigating possible extensions to the project, 
including adding assays of mutant protein function and follow-on, upper-division courses so 
students can explore interesting results from their intro course in more depth. 

Each of these accomplishments and project elements in process was possible because of 
BEACON funding or a combination of HHMI and BEACON funding. 
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Activity Name BEACON TEACHERs Researching EVOLUTION 
(TEACHER REVOLUTION) – National 

Led by Louise Mead and Kara Haas 
Intended Audience K-12 Educators 
Approximate # of attendees 8 

Mead and Haas have funding for the summer 2018 to expand the BEACON research 
experience for teachers program across the BEACON Consortium, creating a geographically 
distributed network of teachers, allowing us to pilot, and collect data, on a national-level 
program. 

The BEACON TEACHERs Researching EVOLUTION program (TEACHER 
REVOLUTION) will (1) provide current K-12 teachers with a summer research experience in a 
mentored lab or field situation with one of our BEACON faculty that specifically improves the 
science literacy of participating teachers; (2) identify effective professional development that 
helps teachers integrate their research experiences into their classrooms (3) test the feasibility of 
creating a national network of evolution-themed RETs (4) develop curriculum (e.g., a Data 
Nugget; published lesson; etc.) based on the PI’s research. 

Mead and Haas are currently working with faculty labs, setting expectations for recruiting 
and hosting a teacher in each lab and creating the web-based infrastructure for advertising to and 
recruiting teachers for the summer program.  

 
Activity Name Bringing Data to Life Science Classrooms 
Led by Carina Baskett, Travis Hagey, Melissa Kjelvik, Liz 

Schultheis, Anna Groves, Klara Scharnagl 
Intended Audience K-12 
Approximate # of attendees 1000s 

Bringing Data to Life in Science Classrooms is a Beacon-funded project to create videos to 
accompany the lessons and activities of Data Nuggets (datanuggets.org). The aims of these 
videos are: (1) to provide an alternative medium for introducing a topic, (2) to break down 
complex ideas using visuals, and (3) to introduce students to a larger diversity of scientists and to 
the notion that scientists are people, too. 

Over the past year we have completed drafts of four videos related to Data Nuggets, with two 
additional videos close to completion (see links: 
https://drive.google.com/drive/folders/0B7jceRXLXRP5aG95bmxrRlVrN2M?usp=sharing and 
https://drive.google.com/drive/folders/0B7jceRXLXRP5UzQ0VWxwQ2VtUUU?usp=sharing ). 
Our first video, “Scaling Body Size for Scaling Walls,” will accompany the Data Nugget by Dr. 
Travis Hagey (Beacon post-doc) on “Sticky situations: big and small animals with sticky feet.” 
Our next three videos were filmed through a collaboration with Dr. Wendy Smythe (BEACON 
post-doc) in Alaska. In “Sea otters, clams, and communities,” we interview graduate student 
Sonia Ibarra on her work with sea otter reintroductions and the fisheries of local/indigenous 
communities. In “To see what butterflies see,” we interview BEACON graduate student Aide 
Macias-Munoz on her work on butterfly sensory systems, and changes in morphology following 
seasonal changes. In “Indigenous Data Nuggets,” we interview Dr. Wendy Smythe on her work 
using shipworms to monitor water pollution levels. Two additional videos are in progress, one 
featuring BEACON graduate student Anna Groves and her research on prairie restoration, and an 



BEACON 2017 Annual Report  III. Education, page 51 

a second features Dr. Smythe relating indigenous knowledge with science. Data Nuggets to 
accompany these videos are underway. 

 
Activity Name Evolutionary Games 
Led by Terence Soule, Maren Friesen, Barrie Robinson, Chandra 

Jack, Samantha Heck 
Intended Audience K12 
Approximate # of attendees 100s to 1000s 

This project is a collaborative effort to develop video games based on detailed simulations of 
biological evolution. Researchers at MSU continue working on a multi-level interactive game 
designed to teach third graders about specific concepts from evolution. According to The Next 
Generation Science Standards (NGSS), this is when children should be able to develop an 
understanding of heredity and biological evolution. Collaborators at UI have created 
Polymorphic Games - an evolutionary video game design studio, home to Darwin’s Daemons. 
The UI team has been promoting their game (www.polymorphicgames.com) at scientific 
conferences, and the MSU team has been testing their program in classrooms.  

 

 
Figure 1: Screenshot from Darwin's Demons. 

 
2d. Integrating research and education 

Across our entire consortium, our programs seek to integrate research and education, both by 
bringing current BEACON research exemplifying Evolution in Action to a variety of audiences, 
as well as applying education research methods to studying the efficacy of our materials where 
appropriate. Perhaps most notably, our graduate students regularly publish and present their work 
work on BEACON education projects (Publications: Royer and Schultheis, 2014; Lark et al., 
2014; Weigel et al., 2014; Tran et al., 2014; Suwa and Williamson, 2014; Schultheis and Kjelvik, 
2015; Burmeister and Smith, 2016; Smith et al. 2016. Presentations: deLima 2017 ). BEACON 
members also routinely bring their research to general public audiences, through programs such 
as Darwin Discovery Day at Michigan State University, participation in the Darwin Day 
Roadshow, as well as science nights at local schools, and national venues like the US Science 
and Engineering Festival. Our database lists 78 Education and Outreach activities, distributed 
across the audiences listed below. We highlight a few of these programs below. 
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Audience People in attendance Number of events 
K-12 students and teachers 10-50 35 
General public 50-1000s 20 
Undergraduates 50-150 8 
Faculty and graduate students 30 10 
Conference attendees 100s 578 

The MSU Museum exhibit team continues to work on the Evolution in Action gallery at the 
museum. Development on the Evo Hub is near completion with one last exhibit installed during 
the Fall 2017. The VENOM exhibit is fully operational. In addition Deep Tree was purchased 
and installed in August 2016 and is currently being used by undergraduate courses across MSU 
as way to introduce students to tree thinking. 

The BEACON fall graduate courses continue to receive funding to integrate personal 
genomics into the courses, allowing students to explore evolutionary, genomic, and 
computational aspects of their person genomes. While kits are supplied to all BEACON graduate 
students taking the Fall BEACON courses, they have the option to use them, and are not 
expected to share their data. Instead a curated data set is made available to students for analysis. 
A similar project is currently being funded at NCA&T, and there is a plan to share experiences 
and protocols during the BEACON 2018 Congress. 

Tri-Society Outreach. Historically BEACON collaborated with National Evolutionary 
Synthesis Center (NESCent) to organize education and outreach at a national level. When 
NESCent funding came to an end, BEACON was provided with an opportunity: team up with the 
Society for the Study of Evolution, the American Society of Naturalists, and the Society of 
Systematic Biology, allowing many of these national programs to continue.  

Through these collaborations, BEACON continues to co-sponsor the Evolution Symposium 
at the National Association of Biology Teachers annual professional development 
conference, the Undergraduate Diversity at Evolution (UDE) program at the annual meeting 
of the three societies listed above, ecology and evolution events at the annual meeting of the 
Society for the Advancement of Chicanos and Native Americans in Science (SACNAS), and 
The Darwin Day Roadshow. Details of these programs follow. 

At the National Association of Biology Teachers (NABT) annual conference in 2016 in 
Denver, CO, we presented a two-part Evolution Symposium. First, Dr. Becky Fuller (Uni. of 
Illinois) presented her research on the evolution of color patterns and color vision in killifish. In 
the second part the Data Nuggets team presented a workshop featuring a new Data Nugget based 
on Dr. Fuller’s current research. We had approximately 63 attendees for the science talk and 42 
attendees for the workshop. Of the 22 who completed feedback surveys, most were 
teachers/professors (19) in college and/or high school, plus one postdoc and two undergraduate 
students.  

The Darwin Day Roadshow (DDR) in 2017 had five host applicants and we were able to 
organize events for all of them. For the first time the DDR organizer did not attend any of the 
events in person but tasked the host to serve as the point-of-contact, which resulted in almost no 
costs. Six separate events spanning seven days in February 2017 were organized across four 
states: (1) Arlington Planetarium, VA –- two days of public events hosted by Dean Howarth, (2) 
Cornerstone Learning Community, FL – one day of visits to the 6-8th grade life science classes of 
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Karen Metcalf, (3) Science Night at Cornerstone, FL, one evening science booth (4) Leon High 
School, FL – one day of visits to AP biology classes of Matt Guyton, (5) Northeast High School, 
FL– one day school assembly and two discussion panels hosted by Randa Flinn, and (6) South 
Regional Library, LA – one day public seminar hosted by Nileta Fruge. Across all the events a 
total of 18 graduate students and 6 faculty engaged with an estimated 670 students and/or general 
public. 

The Undergraduate Diversity at Evolution (UDE) program had a total of 47 applicants 
and was able to fund 22 of these to attend the Evolution 2017 meeting in Portland, OR from June 
23-27, 2017. This was the 14th year of the program. As usual, all awardees presented posters 
about their research and were assigned two mentors for the duration of the conference. Nine 
additional students (non-awardees) were also provided mentors, and one other student was 
provided with lodging in the dorms (extra room as a result of one awardee stayed elsewhere). For 
the first time we also organized and offered a pre-conference Undergraduate Professional 
Development workshop that ran all morning on Friday, June 23. Approximately 45 
undergraduates attended, which included all of the UDE awardees. We had six presenters (Drs. 
Scott Edwards, Lex Flagel, Joanne Kamens, Stacy Farina, April Wright, and Pamela Yeh). Dr. 
Yeh gave our annual undergraduate futures lecture and we ended with a discussion panel which 
included some of the speakers. Instead of the typical ice cream social, we offered a breakfast 
social this year. The UDE 2017 program was co-organized by Scott Edwards (Harvard), Rich 
Kliman (Cedar Crest), Alexa Warwick (MSU-BEACON), and Travis Hagey (BEACON), with 
funding from BEACON and the Society for the Study of Evolution, and additional help from 
Howard Rundle and Danielle Wiggins. 

SACNAS is a national organization focused on increasing the participation of 
underrepresented groups in science, technology, engineering, and math (STEM) fields. The 
Ecology/Evolution events at SACNAS 2017 included a field trip, a conversations with 
scientists session, and a scientific symposium. The field trip had 25 participants and two 
postdoc/faculty leaders. We visited the Red Butte Creek natural area for a morning hike and 
discussion, hosted by Drs. Sarah Hinners and Fred Adler (plus a geology graduate student and 
architecture professor) from the University of Utah. In the afternoon we had a behind-the-scenes 
tour of the Natural History Museum of Utah with Eric Rickart and Janaki Krishna (organized by 
Lisa Thompson). Our Conversations with Scientists session and the Scientific Symposium were 
also well-attended events. The symposium addressed urban ecology and evolution and featured 
talks by five scientists (Drs. Fred Adler, Sarah Hinners, Meghan Avolio, Geoff Smith, and 
Madhusudan Katti) with the goal of showcasing current ecological and evolutionary research in 
cities.  

 
BEACON and Beyond:  
A number of our faculty and graduate students are also involved in evolution education 

research efforts, many of these projects are now externally funded following an initial 
investment by BEACON. Louise Mead continues as Curriculum Advisor for A New Genomic 
Framework for Schools and Communities. This is a Science Education Partnership Award from 
the National Institutes of Health that is bringing innovative curriculum that meets the Next 
Generation Science Standards to middle school classrooms in Detroit and Flint, and is making 
connections between the curriculum and BEACON science. Ben Kerr (UW) is working with Dr. 
Scott Freeman to bring an Experimental Evolution lab experience into a large undergraduate 
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biology course at the University of Washington, the project funded by the Howard Hughes 
Medical Institute. Drs. Mead, Pennock, Smith, postdoctoral fellow Mike Wiser, and graduate 
student Cory Kohn are collaborating on an HHMI project at Michigan State University aimed at 
transforming some of the gateway courses in STEM. Specifically Mead and Kohn have created a 
novel Introductory Biology course, IBIO150: From DNA to Populations for non-biology STEM 
majors (predominantly computer science and engineering majors) that uses evolution as the 
thread to weave together a series of cases exposing students to biological concepts. The course 
includes a semester-long digital lab component featuring Avida-ED.  

The Avida-ED team is also providing instructor training workshops at MSU and our 
consortium institutions, funded by an NSF IUSE grant Active LENS: Learning Evolution and 
the Nature of Science using Evolution in Action.  

BEACON Education Director, Dr. Louise Mead and postdoctoral fellows Dr. Elizabeth 
Schultheis and Melissa Kjelvik have received NSF funding for Collaborative Research: 
Scientific Data in Schools: Measuring the efficacy of an innovative approach to integrating 
quantitative reasoning in secondary science. The project is collaboration between BEACON 
and the Biological Sciences Curriculum Study (BSCS), testing the efficacy of Data Nuggets.  

BEACON is also enabling a third NSF funded project Collaborative Research: Connected 
Biology: Three-dimensional learning from molecules to populations. The project is a 
collaboration between MSU and The Concord Consortium, focused on developing three-
dimensional curriculum around the Evo-Ed Cases. The project staff includes Drs. Mead, White, 
Smith, and Warwick. 

2e. Progress towards metrics described above  
1. Multidisciplinary Ph.D. graduates and postdocs placed in faculty positions at rates 

approaching averages across engineering, computer science, and biology. 
To date, 145 BEACONites have reported receiving a degree or completing a postdoc, and 

their placements are summarized in the table below. 
 

 Masters PhD Postdoc 
Graduate School 7 (23%)   
Postdoc  49 (56%) 6 (23%) 
Faculty Position 1 (3%) 15 (17%) 13 (50%) 
Industry 13 (42%) 16 (18%) 7 (27%) 
Government 1 (3%) 1 (1%)  
K-12 Education 2 (6%) 3 (3%)  
Unknown 7 (23%) 4 (5%)  
Total # graduates 31 88 26 

 
2. Increased public literacy in evolution and the nature of science 
We continue to engage our graduate students in writing Evo101 Blog Posts for the BEACON 

website. These are incorporated into the BEACON fall course. Posts introduce the general public 
to basic evolutionary concepts and principles. 
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Numerous outreach events have given us an opportunity to share Evolution in Action 
research and educational materials across a wide array of audiences, and while these single 
outreach events are challenging to assess, we view the positive interactions we have with the 
general public an indication that we are engaging them in thinking about how evolutionary 
processes operate.  

BEACON students and faculty continue to participate in numerous workshops and 
presentations, bringing our evolution education materials to classrooms across the country. 

 
3. Increased interest in STEM careers 
We continue to think creatively about how to further engage young students in STEM 

careers. With this goal in mind, we will be using supplemental funds for our Luminary Scholars 
program, in collaboration with a number of faculty from underrepresented minority institutions. 
In addition Dr. Brown Clarke is an advisory board member for the Society for the Study of 
Evolution’s (SSE) Diversity in STEM Careers, and in June 2017 she co-facilitated a graduate 
student/post-doc workshop for Diversity of Careers at the Annual Evolution Conference in 
Austin Texas. 

 

2f. Educational plans for next reporting period 
We will continue to develop, test, and review all our educational projects. We will also 

continue to bring curriculum developed at one institution to other institutions, placing a high 
priority on cross-fertilization. We are also providing training for our graduate students interested 
in education in both DBER and knowledge of current science education reform. 
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IV. KNOWLEDGE TRANSFER 
 

1a. Overall knowledge transfer goals  
BEACON’s Knowledge Transfer goal is to develop and practice effective mechanisms and 

pathways to facilitate intellectual exchanges among BEACON partners and industry that will 
support the sharing of knowledge and application of new technology. Based on its interactions 
with industry during its early operation, BEACON revised its approach to knowledge transfer to 
concentrate on collaborative relationships with individual companies rather than to work with an 
industrial consortium, as companies have found it burdensome to navigate their respective 
organizational bureaucracies to join a consortium. Instead, it is mutually beneficial and more 
resource-efficient to BEACON and to the companies to work directly with BEACON 
participants. 

 

1b. Goals, metrics, and progress 
For each of the KT goals/objectives, we have concrete metrics for assessing our success. In 

the table below, we summarize the optimal outcomes from our Strategic Implementation Plan, 
the metrics to measure progress, and our progress to date. We report on our progress in greater 
detail in Section 2c. 

 
  Knowledge Transfer Goals 

GOAL METRICS PROGRESS 
New collaborative research 
with industry partners 

The number of external 
industry/government 
laboratory collaborations with 
BEACON through its member 
universities 

In addition to working with 
existing industrial 
collaborators, this past year, 
BEACON has added several 
additional industrial 
collaborators.  

Number of joint grant 
proposals submitted with 
industrial partners 

Two proposals funded by 
Dow Chemical Co. through 
the MRIVCC; proposal to 
DARPA as subcontractor to 
Siemens was funded. Risto 
Miikkulainen has been on 
leave, working at Sentient 
Technologies, the largest AI 
startup. One proposal is 
funded by General Motors on 
large-scale constrained multi-
objective evolutionary 
optimization. 



BEACON 2017 Annual Report  IV. Knowledge Transfer, page 57 

Number of publications 
submitted that arise from 
industry-provided challenge 
problems and data 

At least 5 in the current 
reporting period  

Receiving industry-provided 
challenge problems and data 
with feedback 

Number of instances that 
challenge problems, data, and 
feedback are received  

At least 10 companies are 
providing challenge problems 
and feedback. 

Spinoffs formed Number of spinoffs formed Existing spinoff by Risto 
Miikkulainen, Digital 
Certainty, was acquired by 
Sentient Technologies in 
2016. No new spinoffs to 
report in the current period.  

1c. Problems encountered and resultant changes 
No significant problems encountered in this reporting period. The changes made to the 

Strategic Plan in previous years have worked well with our activities. 
 

2a. Organizations with which knowledge transfer occurs and the frequency 
and types of interactions  
Newly Initiated KT Activities 

Siemens: BEACON investigators Ron Averill (M.E.), Alejandro Diaz (M.E.), Kalyanmoy 
Deb (ECE) and Erik Goodman (ECE) were collaborators on a proposal to DARPA’s 16-39-
TRADES-PA-008 solicitation, entitled “UHD-SoS: Enabling Design of Ultra High Definition 
Structure of Structure,” which was funded in 2017 with Siemens as the prime contractor. The 
MSU portion of the work is to create algorithms to allow simultaneous design of the 
microstructure (for example, lattices or structures of a variety of composite materials) and the 
macrostructure (to be fabricated from the microstructured materials), which requires 
sophisticated multi-level optimization. The total budget is $4.8 million over 4 years, and MSU’s 
portion is $600,000.  

Ford-MSU Alliance Framework: Members from MSU College of Engineering and 
Business Connect worked with Ford research members to establish this new alliance between 
MSU and Ford. A key benefit of this alliance is facilitated access between MSU faculty and Ford 
researchers and engineers to work on collaborative research. At the end of 2016, Betty Cheng (as 
a member of BEACON at MSU) collaborated with colleagues from Criminal Justice to propose 
another project to Ford, as part of the MSU-Ford Alliance, working with a Ford cybersecurity 
manager. This project targeted the area of cybersecurity for automotive systems. This 
multidisciplinary project proposes to integrate the social aspects of crime with technological 
approaches to develop techniques to prevent and detect cybersecurity threats. Cheng will 
leverage the use of evolutionary computing techniques to explore cybersecurity threats, with 
particular attention focused on those threat surfaces and threats that are most at risk, based on the 
analysis of social media forums and dark web data. In early 2017, this project was selected for 
funding. Cheng and her collaborators from Criminal Justice are actively working with Ford in 
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assessing both the technical threats and the information posted on social media regarding 
automotive cybersecurity threats.  

ZF-TRW: After two rounds of reviews and selection process within the College of 
Engineering at Michigan State University, Betty Cheng’s proposal on developing a model-based 
framework to support the design and analysis of autonomous features to handle cybersecurity 
threats for automotive systems was selected for funding. The kickoff meeting and funding award 
for this project was held in October 2017. Participants at the kickoff included Vice President of 
Engineering & North America Applications, Director of Global Safety and Security, Senior 
Communications Manager, and Senior Technical Specialist.  

BBN: Betty Cheng and Philip McKinley are collaborating with BBN Corporation in writing 
a DARPA proposal that addresses the assurance of autonomous system with machine learning 
elements – LECs (learning-enabled components). Cheng is the PI and MSU is the prime for this 
multi-million dollar DARPA proposal, where the pre-proposal abstract was selected and 
recommended for a full proposal.  

 
Continuing KT Activities 

MSU-Ford Alliance Framework: Betty Cheng (as a member of BEACON at MSU) 
submitted a proposal in response to the request for proposals. Her project was awarded a 2-year 
grant, starting January 2016. Her proposal addresses the use of evolutionary computing 
techniques to address uncertainty and feature interaction detection for powertrain features in 
multicore environments. Cheng is continuing work with this project and exploring automatic 
code generation capabilities for performing mapping to multicore platforms.  

Optimal Casings and Covers for Electronic Equipment: Led by Kalyanmoy Deb (MSU). 
This project started in 2014 and has continued since, where Deb is leading a Danish Agency for 
Science, Technology and Innovation-funded project titled “IN SPE: Innovation consortium for 
sustainable performance in electronics” with researchers from Denmark Technical University. 
This project uses evolutionary optimization methods to design optimal casings and covers for 
electronic equipment to satisfy various criteria. This is a new collaborative project with DTU and 
European industrial partners, including Danfoss A/S (Denmark), Grundfos A/S (Denmark), 
Vestas Wind Systems A/S (Denmark), Bosch (Germany), Bombardier (Sweden).  

Protein evolution: Led by Andy Ellington (UT Austin). During the last year the Ellington 
lab has used directed evolution methods to generate a thermostable, error-correcting reverse 
transcriptase (http://www.ncbi.nlm.nih.gov/pubmed/27339990). This enzyme provides an 
interesting window on the evolution of replication, in that natural reverse transcriptases are not 
error-correcting, likely in part because they co-evolved with short RNA genomes. In addition to 
its scientific import, RTX has great commercial relevance, as it can directly convert RNA to 
double-stranded DNA, and thus is greatly enabling for broadly used techniques such as RT-PCR 
and RNASeq. Unsurprisingly, a number of large companies are in discussions with the 
University of Texas at Austin regarding potential commercial opportunities with this enzyme. 
Similarly, the Ellington lab has used cell-based evolution (similar to that carried out in the 
Lenski lab) to generate bacteria that can insert selenocysteine at high yield across from virtually 
any amber stop codon. This allows the scalable production of proteins that can form diselenide 
bonds, and a start-up company to exploit this opportunity has been formed in Boston. 
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Metron: As of December 2014, a non-disclosure agreement was fully executed between 
MSU and Metron, where initially the focus is on specific collaboration between Philip 
McKinley, Betty Cheng, and Metron. During 2015 and 2016, Cheng and McKinley have 
continued to explore collaborative investigations with members of Metron. Discussions continue 
with collaborators at Metron, exploring different funding opportunities, including SBIR, 
DARPA, and ONR. 

Tri-level Supply Chain Management Decisions: Led by Profs. Kalyanmoy Deb and Erik 
Goodman. This project is funded by the Axia Institute (formerly the Midland Research Institute 
for Value Chain Creation (MRIVCC)), an institute founded by Dow Chemical Company, Dow 
Corning, and Michigan State University. The project links three levels of decision making 
activities in a supply chain management problem together and optimizes for multiple objectives 
involving cost and tardiness. The levels include bi-annual strategic decisions, quarterly tactical 
decisions, and weekly operational decisions for addressing the same supply chain management 
problem but focusing at appropriate entities in the supply chain. Uncertainties in the decision 
parameters will be considered. This project will be executed with Dow Chemical. The 
achievements of the one Dow-funded project in 2015-16 led to two funded projects for 2016-17. 
The new project is aimed at developing an automated system to assist Dow employees in 
performing Harmonious Tariff Classification, a process that assigns each product shipped 
internationally a classification code that determines its handling and duties assessed. That project 
has proven to be very successful, and Dow and the MRIVCC are in discussion with MSU about 
possible extension of the project to handle materials not shipped by Dow, with an eye toward 
possible commercialization.  

Ford: Led by Betty Cheng (MSU). Cheng is continuing to collaborate with researchers and 
developers at Ford Motor Company to analyze industrial-strength models to detect unwanted 
properties. The models are provided by Ford and have been sanitized to remove any proprietary 
information. Recently, Ford has provided high-level project requirements; MSU students and 
Cheng have worked together with the Ford contacts and have created software models that can 
be analyzed for various properties. Cheng continues to work with collaborators in exploring how 
formal analysis can be analyzed for feature interactions. 

NASA: Led by Gerry Dozier (NCAT). Dozier continued to work with NASA to develop X-
TOOLSS (eXploration Toolset for the Optimization of Launch and Space Systems). The 
software is being maintained by BEACON@A&T. One may download a copy of X-TOOLSS at: 
http://nxt.ncat.edu. With Prof. Dozier’s departure for an endowed chair at Auburn University, 
any future development will likely occur there, outside of BEACON. 

Secure Designs: Led by Gerry Dozier (NCAT). In 2017, Dozier continued to interact with 
Secure Designs, Inc., including university visits and NCAT demonstration of their 
MalwareCAAT. However, with Prof. Dozier’s departure in 2017 for an endowed chair position 
at Auburn University, that activity will likely move with him. 

Continental Automotive and now Hyundai MOBIS: Led by Betty Cheng (MSU). Cheng 
has continued to collaborate with Continental, both in terms of class projects for Cheng's 
undergraduate and graduate software engineering classes, as well as for research purposes. 
Cheng has been collaborating with Continental Automotive on the use of evolutionary 
techniques for algorithms to assist in the prevention of backup rollover accidents. In addition, 
they are continuing to model and analyze the impact of environmental uncertainty on an 



BEACON 2017 Annual Report  IV. Knowledge Transfer, page 60 

automated pedestrian collision avoidance system, with an emphasis on safety properties. Her 
main contact at Continental Automotive has moved to Hyundai MOBIS and is now the Project 
Manager for their Autonomous Systems Group. Her collaboration continues in developing 
challenge problems and exploring how modeling, evolutionary computation techniques, and 
formal analysis can be used to address uncertainty that plagues onboard autonomous subsystems. 

BAE Systems: Led by Betty Cheng (MSU). Cheng continued to collaborate with BAE 
Systems to support the project: "Harnessing Evolutionary Computation to Support Software 
Composition with Code-Level Adaptors." The research explored how evolutionary computing 
can be harnessed to automatically generate code-level adaptors and evolve software to satisfy 
changes in either the system’s requirements or its execution environment. Cheng and her 
students also applied their techniques to a new challenge problem involving e-commerce. This 
project has concluded formally with BAE.  

General Motors: Led by Betty Cheng (MSU). Cheng has been collaborating with General 
Motors to explore EC-based model-driven engineering for adaptive systems to enable detection 
and mitigation of uncertainty for onboard automotive systems. General Motors is also 
participating as customers for course projects. During this past year, the focus has been on safety 
standards, how to model safety properties in relation to functional properties, how to represent 
the impact of environmental uncertainty on the safety properties. In addition, Cheng is working 
with a new GM collaborator who specializes in safety modeling, who has also provided a new 
challenge problem involving the next generation smart, adaptive cruise control. Cheng, along 
with her PhD students are making good progress in developing a technique to automatically 
detect n-way feature interactions including the interactions with safety properties. During this 
past year, Cheng and her students are also exploring how to augment symbolic analysis 
techniques with evolutionary computation to identify multiple counterexamples when 
performing formal analysis. The first targeted area of study is analyzing hierarchical 
requirements models to detect incomplete requirements. With their new approach, they are able 
to identify multiple counterexamples, rather than a single counterexample (that is typically 
returned with symbolic analysis alone). The multiple counterexamples better inform the 
developer as to the impact of uncertainty on the requirements and provides more insight as to 
how to revise the requirements to mitigate the problem.  

General Motors: Led by Kalyanmoy Deb (MSU). Deb submitted a proposal on large-scale 
constrained multi-objective optimization of car body design under various crash scenarios and 
was funded in July 2016. Deb is working with GM and Ford Motor Company on optimizing 
engine performance using surrogate modeling based multi-criterion optimization and the use of 
his “innovization” principles. An optimized gasket design in one of the projects have resulted in 
a new and innovative design which has now been sent for fabrication.  

StoneAge Robotics: Led by Risto Miikkulainen (UT Austin). Miikkulainen is continuing to 
work with this startup company to transfer neuroevolution technology to the intelligent robotics 
industry. 

Polymorphic Games: Led by T. Soule and B. Robison (UI). An administrative supplement 
in the summer of 2015 ($5k) and a 2016 BEACON award (Teaching evolution through game 
based simulation) supported the establishment of Polymorphic Games, an interdisciplinary video 
game design studio housed at the University of Idaho. In the summer of 2016, Polymorphic 
Games created "Darwin's Demons" a video game in which the player battles against a population 
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of evolving enemies. Darwin's Demons has now been approved for distribution on STEAM, an 
online gaming platform with hundreds of millions of subscribers world wide. Polymorphic 
Games is now working closely with the UI Office of Technology Transfer to facilitate the sale of 
the game. To our knowledge, Darwin's Demons is the first implementation of a video game that 
features a population of enemies that evolve according to the principles of Darwinian evolution. 
The website http://www.polymorphicgames.com features a free demo. 

 
2b. Other outcomes or impacts of knowledge transfer activities not listed 
above 

Kalyanmoy Deb is maintaining a repository of technical reports written on evolutionary-
computation-related research from COIN (Computational Optimization and Innovation) Lab, 
much of it in collaboration with other universities: University of Michigan, University of Skovde 
in Sweden, Aalto University School of Business in Finland, and also internally within BEACON. 
These papers are kept for circulation at http:/www.egr.msu.edu/~kdeb/reports.shtml.  

Betty Cheng gave keynotes at two international conferences during the past year that 
highlight work in the area of harnessing evolutionary computation to manage uncertainty for 
dynamically, autonomous high-assurance systems. One keynote was presented at the 25th IEEE 
International Requirements Engineering Conference (RE2017) held in Lisbon, Portugal – this 
conference is the main venue for researchers and practitioners to learn about the latest techniques 
for addressing requirements engineering. Cheng gave retrospective of her work in the area of 
requirements engineering for high assurance systems, culminating in her most recent work with 
harnessing evolutionary computing for high-assurance autonomous systems. Cheng gave a 
second keynote at the IEEE International Conference on Model Driven Engineering Languages 
and Systems (MODELS) Doctoral Symposium held in Austin, Texas. This conference is the 
premier international venue for discussing the research results/directions and practical 
applications of model-driven engineering. Cheng’s keynote for the Doctoral Symposium 
described the model-driven engineering aspect of her research, starting with her doctoral 
research and spanning more than two decades, involving extensive industrial collaboration and 
multidisciplinary collaborators. precisely addressed both of these developments, complemented 
by how techniques such as evolutionary computing techniques need to be harnessed to address 
challenges that traditional software development and analysis techniques cannot handle given the 
volume of uncertainty that must be managed.  

During the BEACON Congress in 2017, Betty Cheng (MSU) and Jeff Clune (UT-Austin) 
organized a “Bootcamp for Biologists Interested in Industrial Collaboration.” During this event, 
they presented lessons learned for industrial collaboration, funding opportunities, publication 
strategies, and different models for industrial collaborations. Participants engaged in various 
“hands-on” activities to explore different strategies for how to appropriately bundle their 
research for industrial discussions. This event had strong attendance and the feedback from the 
participants was generally positive, with requests for similar follow-on activities.  

Kalyanmoy Deb is collaborating with High Performace Computing Infrastructure (HPCI) and 
Joint Usage/Research Center for Interdisciplinary Large-scale Information Infrastructure 
(JHPCN) at Hokkaido University, Japan to optimize computationally expensive practical 
problems using their 172 TFlops computing facility funded by Hokkaido University. 
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2c. Progress towards indicators/metrics listed above 
1. Establishing collaborative research relationships with industrial sponsors; producing 

grant proposals and publications. BEACONites are working with at least 15 external 
industrial/governmental organizations at this time. Several publications submitted in this 
reporting period have resulted from collaborations with industry partners, including publications 
by leaders of the respective projects and their collaborators. 

2. Industry-provided challenge problems (i.e. “Real World” problems) and data with 
feedback. Betty Cheng has received such challenge problems from Ford, Continental, General 
Motors, Chrysler, and BAE Systems. Cheng has expanded the list of collaborators from Ford 
who are providing challenge problems, particularly in the area of autonomous features for 
automotive systems. Andy Ellington and his collaborators are working on real-world challenge 
problems with industrial interactions, including utilizing their novel polymerases for POC 
diagnostic applications. Collaborations are emerging from ongoing discussions with Metron. 

3. Spinoffs formed. While no spinoffs were originally anticipated in the first five years of 
the Center, one spinoff, Digital Certainty, was successfully established by Risto Miikkulainen in 
the 2011 reporting period. Digital Certainty, Inc. was acquired by Sentient Technologies, Inc. in 
May 2016. Sentient has continued to develop its evolutionary-computation-based conversion rate 
optimization product further, and re-launched it in September 2016 as Sentient Ascend. It 
optimizes selection and presentation of features of a web interface, typically for on-line 
marketers. Risto Miikkulainen has been on leave from UT Austin since Fall 2015, working at 
Sentient Technologies, Inc. on applications of evolutionary computation in general, and 
neuroevolution in particular. Sentient also started a summer internship program in 2016, 
employing three BEACON students. In 2017, Miikkulainen became Vice President of Research 
at Sentient, but he continues to serve BEACON as its lead at University of Texas. 

 

2d. Knowledge Transfer plans for the next reporting period 
• Continue to collect additional challenge problems from current and new industrial 

collaborators.  
• Encourage and support travel by BEACON participants to visit industrial organizations and 

other external organizations to describe their industrially-relevant work.  
• Encourage BEACON participants to give tool demonstrations at their respective conference 

venues to publicize and obtain feedback on their tools and techniques.  
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V. EXTERNAL PARTNERSHIPS 
 
1a. Describe the Center's overall goals and/or objectives for developing 
external partnerships. 

BEACON aims to form external partnerships with other researchers and educators who are 
working in the area of evolution in action, with other centers that can broaden our impact, and 
with minority faculty members at non-BEACON institutions and/or faculty members at 
minority-serving universities to provide research opportunities for those faculty and their 
students.  

 

1b. Performance metrics 
We are tracking the activities resulting from external partnerships, including publications, 

presentations, grant proposals, and educational activities, as part of our overall outcomes. 

 
1c. Problems encountered 

None to report. We are pleased by the enthusiastic response we continue to receive from 
members of the research and education communities. 

 
2a. Partnership activities 
Activity: Materials and Workshops for Cyberinfrastructure Education in Biology 

Organizations/people involved: SESYNC (Socio-Environmental Synthesis Center), NESCent 
(National Evolutionary Synthesis Center), iDigBio, iPlant Collaborative, National Earth 
Observatory Network (NEON) and Data Carpentry. 
Narrative:  

Background: 
BEACON received a $200K supplemental grant to address cyberinfrastructure across multiple 
NSF centers. Led initially by BEACON’s Prof. C. Titus Brown, the project brought together 
people from SESYNC, NESCent, iDigBio, iPlant, NEON and BEACON, to establish course 
objectives and develop materials for Reproducible Research workshops and a new kind of 
workshop patterned loosely on Software Carpentry workshops, called Data Carpentry. Funding 
supported a hackathon to develop materials for a Genomics-focused Data Carpentry workshop 
and the subsequent piloting of that workshop and a hackathon to develop lessons for a 
Reproducible Research workshop and four subsequent Reproducible Research workshops. 
Instructors who developed and taught the material were from NESCent (Hilmar Lapp and Karen 
Cranston), BEACON (Tracy Teal), iDigBio (Deb Paul, Matt Collins and Francois Michonneau), 
SESYNC (Mike Smorul and Mary Shelley), NEON (Leah Wasser), iPlant (Jason Williams) and 
multiple other universities. There have been over 80 contributors to lesson development and 
teaching efforts. All materials developed are CC-BY and have been used in workshops as well as 
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adapted by others for use in their own workshops or courses. Funding also supported Tracy Teal 
(of BEACON) to lead continuing efforts on Data Carpentry, and the resulting non-profit 
organization she founded has recently received a grant from the Moore Foundation Data-Driven 
Discovery initiative, administered through BEACON. In a 2-day workshop at MSU in October, 
2016, but accessible virtually from anywhere, MSU’s ICER staff prepared people to become 
instructors of Data Carpentry or Software Carpentry workshops.  

2017 Development: 
So successful has been the operation of the Data Carpentry not-for-profit organization under the 
leadership of BEACON’s Dr. Tracy Teal that the organization sponsoring the Software 
Carpentry workshops has decided to merge with the Data Carpentry organization under Dr. 
Teal’s leadership. This new combined organization represents a large contribution to the national 
infrastructure for preparing biologists to use computational resources in support of their research 
and teaching, and is a direct result of BEACON’s sponsorship, NSF’s supplement to BEACON, 
and BEACON’s leadership of the effort. 

 
Activity: BEACON External Faculty Affiliate Program 

Organizations/people involved: University of California Irvine/Adriana Briscoe, Yale 
University/Paul Turner, University of Texas Rio Grande Valley/Laura Grabowski 

Narrative: In 2012, BEACON launched its External Faculty Affiliate Program to partner with 
faculty at non-BEACON institutions in support of the diversity goals. Dr. Adriana Briscoe at UC 
Irvine was our first Affiliate and continues to be active with BEACON. Dr. Briscoe recruited a 
student, Aide Macias Muños, who was trained in DNA sequencing with BEACON support, and 
was consequently awarded an NSF Graduate Research Fellowship. Dr. Briscoe’s initial 
BEACON project led to a proposal to NSF for external funding, which was funded at $440K. 
Our second Affiliate, appointed in 2013, was Dr. Paul Turner of Yale University, and he 
continues to be active in BEACON. In 2014, we appointed our third Affiliate, Dr. Laura 
Grabowski of the University of Texas Rio Grande Valley (formerly University of Texas Pan 
American, now merged with UT Brownsville). Dr. Grabowski has been involved in several 
BEACON undergraduate research initiatives, and began contributing greatly to forming a 
pipeline for undergrads into our graduate programs, especially for URM students. However, in 
fall, 2016, she accepted a position at another university, so the role she had planned to play in the 
BEACON Luminaries program that was funded by a supplement to BEACON will be taken on 
by others. However, she will continue to collaborate with BEACON faculty in her own research 
program. 

The successful BEACON External Faculty Affiliate program stopped recruiting new affiliates 
after Dr. Grabowski’s appointment, but all remain active in BEACON.  

 
Activity: Bringing Data Nuggets to a national audience and assessing their effect on quantitative 
literacy. 
Organizations/people involved: BSCS (Biological Sciences Curriculum Study) 

Narrative: Education Director Louise Mead received funding through the DRK12 program at 
NSF to continue collaborative research with the Biological Sciences Curriculum Studies (BSCS) 



BEACON 2017 Annual Report  V. External Partnerships, page 65 

group in Colorado. We are working with BSCS to carry out an efficacy study to address the 
following questions: (1) Do students in classrooms using Data Nuggets have better achievement, 
interest in science, and motivation outcomes than students in “business as usual” classrooms? (2) 
How much does teacher practice function as a mediator of treatment effects on student 
motivation, interest, or achievement? (3) To what extent do student motivation and interest 
function as mediators on the effects of treatment on student achievement? (4) To what extent do 
treatment effects differ on the basis of gender, race/ethnicity, free/reduced-price lunch status, 
English language learner status, or baseline achievement of the students? 

 
Activity: Bringing 3D learning materials that integrate science practices, cross-cutting concepts 
and the disciplinary core ideas of genetics and evolution to K-12 classrooms.  
Organizations/people involved: CREATE for STEM Institute (MSU), University of Michigan, 
Concord Consortium  
Narrative: Louise Mead continues to collaborate with the CREATE for STEM Institute 
(Collaborative Research in Education, Assessment, and Teaching Environments for Science, 
Technology, Engineering, and Mathematics) at MSU, and with the University of Michigan and 
the Concord Consortium, on an NIH SEPA (Science Education Partnership Award) focused on 
developing a genomics framework for middle school classrooms and communities. This 
collaboration also involves both Detroit and Flint school districts, in addition to community 
members that include Friends of Parkside and the Charles Wright Museum in Detroit.  

In addition to the NIH SEPA project, Louise Mead is co-PI in a funded DRK12 project focused 
on connecting genetics and evolution within the NGSS 3-Dimensional learning framework for 
high school biology. The project is a collaborative project with CREATE, Concord Consortium, 
and MSU (Peter White in Lyman Briggs College (MSU) is the PI). 

 
Activity: Evolution education and outreach activities 

Organizations/people involved: Society for the Study of Evolution, Society for Systematic 
Biologists, American Society of Naturalists 

Narrative: BEACON is working with each of the three societies listed to engage in additional 
education and outreach activities (Undergraduate Diversity at Evolution; Darwin Day Road 
Show; Evolution and Ecology events at SACNAS). The events are funded by the societies and 
administered by BEACON. 

 
Activity: Promoting Evolution-in-Action in the Artificial Life community 

Organizations/people involved: International Society for Artificial Life, MIT Press 
Narrative: BEACON is working with the International Society for Artificial Life (ISAL) on a 
range of efforts, including: (1) to promote the development and use of evolution-in-action 
software for both research and education, (2) to encourage "wet" experimental evolution research 
within the artificial life community, and (3) to directly involve more traditional evolutionary 
biologists in the artificial life field. Furthermore, the MIT Press Artificial Life journal has agreed 
to consider bacterial experimental evolution research in the domain of Artificial Life, and 
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encourage a related special issue. BEACON members regularly comprise a sizable contingent at 
Artificial Life conferences (including numerous talks, posters, workshops, and administrative 
support) and publish in the Artificial Life journal. Co-PI Ofria is the current president of ISAL, 
with a unanimous vote from the board and the above goals in his platform. 

 
Visiting researchers during this reporting period: Professor Lihong Xu (Tongji University), 
Chunteng Bao (Tongji University), Professor Meng Yao (East China Normal University), Prof. 
Hailin Liu (Guangdong University of Technology), Mohamed Abouhawwash (Mansoura 
University, Egypt), Xin Li (Wuhan University, China), Berna Kiraz (Marmara University, 
Turkey), Tolga Altinoz (Ankara University, Turkey), Marde Helbig (University of Pretoria, 
South Africa), Gregorio Toscano (CINVESTAV, Mexico), Shahryar Rahnamayan (University of 
Ontario Institute of Technology, Canada), Julian Blank (University of Magdeburg, Germany). 

 

2b. Other outcomes or impacts of partnership activities not listed elsewhere 
Visiting speakers: BEACON hosts a number of visiting speakers each year, who travel to 

Michigan State to meet with researchers and students, and give presentations at the weekly 
Friday seminars which are videoconferenced across all five partner institutions. Many of these 
speakers are co-hosted by other MSU departments and gave multiple talks, which allows us to 
share travel costs. This year’s co-hosts were the Ecology, Evolutionary Biology, and Behavior 
program, and the Department of Biochemistry. This year’s visitors included: 

• Aimee Dunlap, University of Missouri – St. Louis 
• Adriana Briscoe, University of California at Irvine 
• Ilya Ruvinski, Northwestern University 

 
2c. Progress towards goals 

Because the BEACON external partnerships are so intertwined with our broader research and 
education goals, we aren’t tracking these activities as separate goals. Visiting scholars are strong 
participants in several BEACON-funded activities, as are our Faculty Affiliates. The education-
related partnerships listed here are all reported on in greater detail in the Education section of this 
report.  

 

2d. Plans for partnership activities for the next reporting period 
BEACON will continue its effective partnership activities with no plans for change. 
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VI. DIVERSITY 
1a. Overall goals for increasing diversity at the Center 

BEACON has effectively institutionalized its two overarching diversity goals: 1) ensure 
diversity is represented as an inclusive and connecting thread through all aspects of BEACON, 
and 2) exceed national norms for diversity at all levels in the Center. This accomplishment 
transcends the cursory goals of increasing the number of diverse participants and demonstrates a 
strategic and thoughtful culture that demonstrates diversity within its research opportunities, 
grant submissions, broader impacts efforts, educational outreach activities, formal mentoring 
training/support, fellowships, and direct student support funds.  

The impetus for BEACON’s success started from the results of its January 2013 
organizational evaluation survey, which captured responses from members across the 
consortium. BEACON’s external organizational evaluators, Drs. Patricia Farrell-Cole and 
Marilyn Amey, conducted focus groups with department chairs, faculty, post-docs, and graduate 
students for content analysis, followed by an electronic survey sent to BEACON faculty, post-
docs and graduate students across the consortium. The diversity section of the survey identified 
several areas for growth and enhancement, specifically around “fulfilling its stated purpose…and 
producing its intended impact.” 

The survey results have been a driving factor for continuous and competitively strides 
towards being the most diverse, world-class scientific research center in the United States, with a 
climate that embraces diversity as a core value for 
high-performance. Each year, BEACON self-
assesses and incorporates data-driven results and 
lessons learned from the prior year into its 
strategic efforts. We are pleased to report that 
BEACON is achieving diversity through its 
inclusive efforts of continuous conversations, 
inclusive recruiting, supportive environments, 
and the leveraging of strong partnerships and 
programming to ensure consistency and 
sustainability. 

1b. Performance and Management Indicators  
BEACON has established baseline data for 

diversity measures and created mechanisms to ensure 
its accuracy. We have collected comparative data on 
the numbers (and percentages) of undergraduate and 
graduate students, post-docs, and faculty participants 
from diverse demographic groups, including women, 
underrepresented minorities, and individuals with 
disabilities. In an effort to make accurate 
comparisons, we captured national norm data for 
BEACON-specific disciplines using NSF’s 2012 data 
tables (see http://www.nsf.gov/statistics/wmpd/start.cfm).  
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Underrepresented minorities (URMs): Currently BEACON participants are: 53% White, 
24% Black, 10% Asian, 5% Hispanic/Latino, 1% Native American, and 7% two or more 
races/ethnicities. 37% of BEACON participants are self-reporting as URMs, which is 20.1% 
above the National Norm (30.8%). The majority of this diversity has been achieved through 
undergraduate student participation, where 17% (17 of 98) of graduate students and 68% (52 of 
76) of the undergraduates (principally REU students) are URMs; and across the entire 
consortium, 11% (10 of 90) of the post-docs are URMs. This diverse consortium reflects 
inclusive efforts have effectively increased and sustained the number of URM participants. 

Women: BEACON’s strategic efforts to increase overall female participation across all levels 
has resulted in 43% of BEACON participants are female, which is 31.1% higher than the 
National Norms of 32.8%. The number of female faculty is 39% (93 of 236), which also 
surpasses the national norm of 31.0% by 25.8%.  

Working strategically, BEACON recruited graduate students from across its partner schools, 
coordinated with faculty advisors at Minority Serving Institutions (MSI), and networked with 
other NSF STC colleagues to create a robust and diverse candidate pools of post-doc from which 
to hire. The number of female post-docs is 38% (34 of 90), which surpasses the national norm of 
35.5% by 7%. Finally, the percentage of 2017 female undergrads is 43%, which also surpasses 
the national norms of 36.6% by 17.5%. 

Individuals with Disabilities: Currently 6.4% 
of BEACON participants self-reported as having 
a disability, which exceeds the National Norms 
(3.3%) by 93.9%. By demonstrating a 
commitment to being inclusive and establishing a 
welcoming consortium, undergraduates have 
increased to 7.1%, which is a 51% increase over 
the National Norm (4.7%); graduates has 
increased to 8.2%, which is an 43.8% increase 
over the National Norm (5.7%), post-docs (where 
National Norm data is unavailable) maintained at the 2016 level of 2%, and faculty (2.7%) are 
equal to the National Norm (2.7%). 

BEACON’s Disability Action Plan activities are establishing best-practice activities and tools 
for increased adaptive learning and research/lab strategies that enrich learning environments 
inclusive of all participants.  

BEACON’s ongoing challenge is to reassure individuals with disabilities that reporting their 
status will not result in any vulnerability and/or biases against them. BEACON works hard to 
communicate and provide safe, accommodating, and adaptive environments. While we are 
pleased that more individuals have self-reported, we acknowledge that our numbers are still 
underreported and our efforts continue.  

 

1c. Problems encountered 
While our initial goal of surpassing the national norms for diversity across BEACON has 

been reached, the subsequent “stretch goal” of sustaining these numbers will be reached by 
ensuring our environments supports and advances inclusive participation throughout BEACON 
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and with our collaborative partners. BEACON’s Diversity Committee, including graduate 
students/post-doc representatives, identifies and implements best practice activities across the 
partner schools/sites.  

Individuals with disabilities are a continued priority within our strategic efforts. To address 
the previous stated challenge of under-reporting, BEACON continues to enhance the Disability 
Action Plan, which is tasked to establish a climate of safe, inclusive, and adaptive environments 
for individuals with disabilities to thrive.  

BEACON has recently updated its diversity webpage, with opportunities to creating a 
repository of best practices on subjects such as broader impacts, adaptive software, scalable 
models and tools, diversity of careers, summer REU opportunities, diversity articles, and the 
Native American/Alaskan Native Initiative (NAANI).  

 

2a. Center activities which contribute to the development of US human 
resources in science and engineering at the postdoc, grad, undergrad and pre-
college levels 

BEACON funds specific programs to enhance diversity at every level at the center (more 
details below), but also promotes furthering diversity in every aspect of our work. 

Diversity as a common thread in all activities: BEACON challenges the perception that 
diversity efforts are limited to programming and recruiting. BEACON works hard to foster a 
culture in which all participants reach their full potential by creating a unified community of 
inclusion. We recognize it is difficult to affect institutional change, therefore we will continue to 
diligently support the unique needs of underrepresented minorities, females, and individuals with 
disabilities.  

Internal BEACON Proposals: Across the BEACON consortium, we are extremely proud to 
report that the thread of diversity is becoming institutionalized within the core values and 
activities of what we do and whom we do it with. In 2017, 90.5% (77 of 85) of internally funded 
research projects and educational activities had diversity goals and outcomes. A closer 
examination of the participants on these projects revealed the following: 74.1% (63 of 85) of all 
projects had one or more women listed as personnel; and 65.8% (56 of 85) had aspects of URMs 
listed in their diversity goals, with 65% reporting actual outcomes. While some individuals are 
listed on more than one project, the aggregate shows there is a comprehensive effort to ensure 
diversity is a consideration for internal BEACON projects.  

Postdoctoral Programs: The Distinguished Postdoctoral Fellows Program funds post-
doctoral scholars to pursue interdisciplinary research with BEACON faculty members in the 
fields of biology, computer science, and/or engineering. Applicants propose a research project 
within the scope of BEACON’s mission and must have two BEACON faculty sponsors who will 
serve as research mentors. The successful applicants help foster collaborations among faculty 
and disciplines, and serve as a professional model for pre-doctoral trainees. Collectively these 
two programs supported six post-doc Fellows, 67% (4 of 6) were females and 33% (2 of 6) were 
URMs.  

BEACON’s 2017 Distinguished Fellows are Chandra Jack (now at the University of 
Washington), Amir Gandomi (now at a technology research company) and Sarah Doore. 
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BEACON’s 2017 Professional Development Post-doctoral Fellowships supports post-doctoral 
scholars with both their research agenda and the development of administrative and leadership 
skills around science education, diversity, broader impacts, science communication and diversity 
of careers. Our three Research Fellows are Wendy Smythe (now at AAAS), Alexa Warwick and 
Travis Hagey.  

We are proud to report that our Research Fellow, Wendy Smythe received an AAAS Science 
& Technology Policy Fellowship. She is currently working at NSF within the EHR/Division of 
Research on Learning in Formal and Informal Settings/Innovative Technology Experiences for 
Students and Teachers/Discovery Research PreK-12. Wendy is also co-PI on a collaborative 
NSF GEOGOLD project to increase awareness of diversity in Geoscience.  

Native American/Alaskan Native Initiative (NAANI): Professional Development Postdoc 
Fellow Wendy Smythe, an Alaskan Native, is helping to drive BEACON’s new Native American 
Initiatives. She works to couple STEM with Traditional Ecological Knowledge in an effort to 
increase representation of Native American/Alaska Natives in STEM disciplines, working with 
her tribal Haida community in Hydaburg Alaska, a tribal community located on Prince of Wales 
Island. 

 STCs are thought of as being at the forefront of discovery and innovation in STEM 
nationally; however, there is a notable lack of diversity, specifically for Indigenous students, 
staff, and faculty. Indigenous communities possess historical and Traditional Knowledge (TK) 
that has yet to be understood and as valued at the same level as western science. BEACON’s 
Native American/Alaskan Native Initiative (NAANI) aims to recruit, retain and thereby 
empower Indigenous people as well as increase innovation in STEM through an ethically and 
culturally responsible way. 

The goals of this project was to continue work with the Haida community of Hydaburg, 
Alaska to increase awareness of geoscience and to introduce the concept of evolution using TK, 
to host the annual Science/Career Fair at Hydaburg School District, to recruit and hire summer 
interns to work on an evolutionary science project (evolution of shipworms and clams), to 
continue to collect/document TK from Haida Elders and community members to create culturally 
relevant science curriculum, and to have an evaluator assess the project.  

This project was a proof of concept effort to create a culturally sensitive toolkit/guide book 
for researcher working in Native American/Alaskan Native communities. The 
educational/distribution process will be a collaborative effort with BEACON and Michigan State 
University’s Native American Institute, University of Idaho’s Native American Student Center, 
University of Washington’s Native American Center, University of Texas’ Native American and 
Indigenous Studies Center, and North Carolina A&T’s Multicultural Center. 

BEACON accomplished and surpassed all stated goals: 

1. The trip to Hydaburg, Alaska included three BEACON graduate students who 
leveraged funds from a past BEACON grant for curriculum development and to 
document science in action. Each participant submitted a post-trip summary of their 
activities and the impact of participating. 
a. Klara Scharnagl and Carina Basket MSU graduate students, completed seven 

documentaries, presented hands on demonstrations at the Science/Career Fair, 
participated in Haida language and cultural classes, and assisted in the classroom 
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with lesson plans. 
b. Aide Macicas-Munoz UC Irvine BEACON affiliate, taught three K-12 

evolutionary biology classes and presented a hands on demonstration on the 
“Evolution of Butterfly Eyes” at the Hydaburg School. 

2. In partnership with MSU’s Native American Institute, a summer intern was recruited to 
work on curriculum for K-12 students at the Hydaburg School District. 

a. The “text” book uses TK coupled with STEM and includes activities for each 
grade level, currently five chapters are near completion. 

i. During the 2017-18 school year the TK will be given to the Haida 
translation class to translate the book into the Haida Language. 

ii. Curriculum is still being developed and the book is scheduled to be given 
to the Hydaburg School District for the 2018-19 school year. 

3. Three summer interns were hired to work on an ongoing evolutionary environmental 
project. 

a. Nevaeh Peele and Andrea Cook, pre-college Haida students, worked on the 
shipworm and clam habitat and assessment. 

b. Lila Afiffi, an MSU undergraduate, analyzed a metagenome of biofilm 
communities from an Mn-depositing hot spring. 

4. Two interns attended the AISES National Conference in Denver, CO presenting posters 
of their summer research projects. 

5. A dedicated project exhibit was displayed at the 2017 BEACON Congress to highlight 
the project and show outcomes. 

6. Two Indigenous summer seminar speakers from MSU presented at BEACON Congress. 
7. Four papers are in process for publication from the work conducted on this project. 

The project has funds remaining and is still ongoing. BEACON will visit Hydaburg in July 
2018, to teach classes at the annual Culture Camp, continue to collected TK, and present the 
curriculum to the Tribal leaders and Elders prior to releasing it to the School District. 

Evaluating Career Choices And The Efficacy Of A Conference Travel Award Program To 
Increase Diversity (UDE): Recognition of exceptionally low levels of racial/ethnic diversity in 
the field of evolutionary science has led to the creation of point of entry programs to broaden 
participation. One of these efforts is Undergraduate Diversity at Evolution (UDE), a conference 
travel award program that brings underrepresented undergraduate students to the annual 
Evolution meetings to present a poster and participate in mentoring and career-focused activities. 
Anecdotally, this program has successfully recruited underrepresented minorities (URMs) to 
graduate programs in evolution; however, little data was available to assess its overall 
recruitment success.  

This effort proposed to create an evaluation survey, collect survey data from past 
applicants/awardees, use these data to measure the program’s success, and address what factors 
influence student recruitment and retention in careers requiring advanced training in evolutionary 
science. These survey data are necessary to improve the effectiveness of the UDE program, as 
well as other established or newly created point of entry programs, through more precise 
targeting of the factors that may influence URM student career choices and providing 
appropriate resources. 
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The project goals were: (1) Hire an undergraduate starting Fall 2016 semester, (2) Organize 
contact information for previous travel award applicants/awardees, (3) Create an online survey to 
collect data on applicant demographics, careers, and impact of meeting attendance on these 
careers, (4) Distribute the survey and provide incentives to those who complete it, (5) Analyze 
the survey data to address research questions, (6) Use the results to improve the program for 
future years, (7) Disseminate the results/progress via a BEACON blog post, BEACON seminar, 
undergrad poster presentation at Evolution 2017, and a peer-reviewed article.   

The project has successfully hired an undergraduate, who is finalizing the organization of the 
contact information for years 2011-2017 of the travel award program. We have reviewed the 
current literature and submitted our IRB protocol for approval. After IRB approval has been 
obtained, BEACON will distribute the survey (goal of early November 2017), collect the data 
(mid-December), analyze data and prepare results (January/February/March), and disseminate 
results (April/May/June). Specifically, this will include the undergraduate presenting a poster at 
the Evolution 2017 meetings. 

Diversity Board: The project seeks to create a website that helps people use and evaluate 
different methods to diversify their teaching. The first way of interacting with the site is to 
submit methods that help others to diversify their teaching. This can be anything from anecdotes 
to tested and well-established methods. The community has the chance to give feedback in the 
form of comments and/or using a rate and rank method, similar to the algorithm reddit.com uses. 

There are four central goals for the diversity board: 1) Foster discussions surrounding how 
professors, teaching assistants, and all other educators are addressing this nuanced topic within 
their own classes. In this case, the diversity of educator experiences can be a platform we can 
leverage to encourage sharing of both what worked and what did not work. 2) Provide best 
practices that worked for specific educators or students within a class. This enables the 
BEACON community to benefit from the experiences of its participants. 3) Solicit feedback on 
best practices using a Reddit like ranking system. This enables the entire community to discuss 
best practices, how to further improve them, or potential pitfalls to be avoided.  4) Make it easier 
for educators to improve diversity of their class. By providing a central repository and helpful 
hints, the diversity board can serve as a place where educators can rapidly assess how well they 
are doing and come up with ideas for improvement.   

As part of our progress, we have identified the major workflow steps: 1) Create the database 
backend. The backend will support storing diversifier techniques, discussion comments, users, 
etc. 2) Create the website. The website will be the portion of the diversity board accessible to 
users. This involves both creating the user interface, as well as hooking up the web interface to 
the backend. 3) Test the website with the BEACON community. This will involve several stages 
of user participation ensuring that we both eliminate any bugs, as well as make any 
improvements to support our teaching diversification goals. Thus far, we have bought 
Dreamweaver licenses and started to implement the backend database (step 1) and website (step 
2). The site is expected to go live December 2017.  

Integrating Research, Diversity, and Education into the Long-Term Evolution 
Experiment: The Long-Term Evolution Experiment, or LTEE, has been running for over 28 
years and 65,000 bacterial generations. It is an exemplar of evolution-in-action studies and, as 
such, it is also one of BEACON’s cornerstones. The LTEE has been successful in large measure 
because of the creativity and dedication of many talented students and collaborators. This two-
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year project contributes not only to the research mission of BEACON, but also to BEACON’s 
goals for diversity and education. To those ends, it supports three graduate students who are from 
underrepresented groups, have disabilities, or both, and who are conducting research on the 
LTEE lines. The project also supports two high-school biology teachers to develop microbial 
evolution-in-action experiments for their students. Although this project just begun, progress has 
already been made on all fronts.  

Supplemental Student Support: BEACON has travel awards for students to attend 
professional conferences and present their research. Many of our URM graduate and 
undergraduate students are taking advantage of this funding opportunity and are gaining valuable 
exposure to professional networks, research peers, and content experts.  

Undergraduate Programs: BEACON’s Research Experience for Undergraduates (REU) 
Program is a 10-week intensive residential program, which targets the recruitment of a diverse 
group of students to conduct research with faculty, graduate students and post-doc mentors. Each 
summer, BEACON funds students across the BEACON partner schools, at seven different sites. 
Settings included wet & dry labs, computer/simulations, field experiences, and/or a combination.  

Over the past five summers, BEACON has served 430 undergraduate students (freshman to 5th-
year seniors) and spent $1,815,131.50 by leveraging funding from several sources. The average 
cost per 2017 participant was $8,020 (housing/meals - $3,220; travel/baggage - $800; stipend - 
$4,000). The 2017 summer’s total program costs were $210,988, reflecting 35% BEACON funds 
and 65% leveraged funds from other sources. For every $1 dollar spent, BEACON has 
consistently blended/braided/matched approximately $2 from external sources. To date, 10 
(67%) of the graduating seniors with BEACON REU experience are now enrolled in graduate 
programs at BEACON universities; and an additional nine students are enrolled in STEM 
graduate programs at non-BEACON schools. 

In most cases, graduate students or postdocs in the REU student’s research laboratory 
directly mentor the REU students. A distinguishing feature of BEACON’s summer research 
program is that before the REU program begins, and in regular meetings during the summer, all 
mentors received formal training in mentoring from BEACON’s Diversity Director, who is 
available to both mentors and mentees over the course of the summer to help solve problems that 
arise, as well as to enhance the mentors’ professional development and cultural competency. The 
long-term goal of the program is to train graduate students and postdocs to build mentoring 
relationships that can be used to increase recruitment and retention, share cultural and 
organizational knowledge, and help individuals achieve personal and professional objectives. 
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The short-term goals are to ensure that undergraduate interns have an explicit mentor to help 
guide their research and laboratory training, and that the graduate and postdoctoral mentors have 
the formal skills and resources necessary to serve as effective mentors. 

In May 2017, Dr. Brown Clarke provided a formal mentoring training session for Fifty-two 
(52) graduate student and postdoc mentors. This training has become so popular that it has 
expanded to other non-BEACON summer research programs at MSU. Each week throughout the 
summer, REU students discuss their activities and progress during the preceding week and their 
plans for the following week. This interactive system works well for ensuring clear 
communication between students and their mentors, as well as for signaling potential problems 
as they might arise.  

Dr. Brown Clarke facilitates a weekly discussion among the mentors in which they could 
discuss challenges that arose, and was also available for private discussions as needed. Social 
activities were scheduled throughout the summer to allow interns to interact informally with their 
mentors. Informal discussions with mentors indicate that they found the training to be useful, and 
found the availability of Dr. Brown Clarke for trouble-shooting to be reassuring.  

The evaluation process – using pre, mid & post surveys and focus group interviews – found 
that 98.7% of interns reported a significant increase in research skills and confidence, and 96% 
reported positive working relationships with their research mentors. Feedback surveys from the 
research mentors indicate that they were 92% satisfied with the productivity of their interns and 
with the success of the formal mentoring program. This makes the formal mentoring activity a 
much more targeted activity with proven positive effects. 

BEACON was successful in securing another $45,00 from the MSU Office of the Provost – 
Undergraduate Education Office to support year-round research opportunities for diverse MSU 
undergraduate students to conduct research with BEACON faculty. That funding was bended 
with $10,000 from the College of Engineering, which helped BEACON place thirteen MSU 
undergraduates in research lab opportunities. 

BEACON’s REU Field Experience at Kellogg Biological Station, provides funding for MSU 
students to participate in the Undergraduate Research Apprentice (URA) program at KBS for 
two summers (2017 & 2018). The URA program provides students an integrated research and 
educational experience that increases their understanding of evolution and the nature of scientific 
research and introduces them to career opportunities in STEM. The URA program complements 
the NSF funded REU program at KBS by focusing on early career undergraduates (rising 
sophomores) and introduces them to skills needed to be successful in further research 
experiences. BEACON funding leverages support from other sources for the KBS URA program 
and provides a scaffolding to the NSF-funded REU site grant that supports more advanced 
students. URAs gain research experience by taking 1-3 courses at KBS (tuition funded 
separately), working as a research assistant with a graduate student or postdoctoral mentor, and 
participating in professional development activities and seminars at KBS. In 2017, we supported 
4 MSU students (3 females) working on a wide range of projects associated at KBS focused on 
BEACON theme of evolution in action, specifically focusing on how populations and species 
interactions respond to climate change. 

K-12 Programs: BEACON supported numerous outreach events that exposed K-12 
underrepresented students to evolutionary science/STEM education. The Girls’ Math and 
Science Day Conference is a one-day, hands-on conference for 150 girls grade 6th-8th providing 
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hands-on math and science experiences. BEACON also funded citizen science day activities and 
Darwin Day Road Show at various urban & rural classrooms and museums across the nation.  

Outside of BEACON: Chair of the BEACON Diversity Committee Dr. Percy Pierre and 
Diversity Director Judi Brown Clarke are co-PIs on the Alfred P. Sloan Foundation & National 
Action Council for Minorities in Engineering grant funded July 2014-July 2017. Dr. Brown 
Clarke remains an external advisory committee member on the state of Nevada’s project entitled 
The Solar Energy-Water-Environment Nexus to NSF’s EPSCoR Track 1 Research Infrastructure 
Improvement (RII) program. This proposal was selected and awarded $20 million for five years. 
This committee meets bi-annually, and the next meeting is to be held on April 27-29, 2017.  

Dr. Brown Clarke is an advisory board member for the Society for the Study of Evolution’s 
(SSE) Diversity in STEM Careers, and June 23, 2017, she co-facilitated a graduate student/post-
doc workshop for Diversity of Careers at the Annual Evolution Conference in Portland, Oregon. 
She continues as an advisory board member for the Research Education Program to Increase 
Diversity in Health Researchers (REPID) in the MSU College of Human Medicine, an advisory 
board member for the W.K. Kellogg Biological Station Advisory Committee, an advisory board 
member for Director’s Research Scholar at the MSU National Superconducting Cyclotron 
Laboratory (NSCL), and a board member for the NSCL-Joint Institute for Nuclear Astrophysics 
(JINA).  

NSF Supplemental Funding: MSU BEACON submitted and was awarded an NSF 
supplemental funding grant to support the Luminary Scholars Research Program. This is an 
intensive undergraduate research program that will, when paired with other funding, support 
URM students each year to come to MSU for the summer research opportunities, then return to 
their minority-serving institutions (MSI) and continue their undergraduate research for up to 10-
hours per week during the academic year, under the guidance of an identified faculty members at 
the home institutions in collaboration with BEACON faculty.  

Spelman College has been awarded a subcontract, where Dr. Aditi Pai, Associate Professor 
and Co-Director of the Teaching Research & Resource Center, directly supervised the Spelman 
students working in her research lab. She utilized these supplemental grant funds to financially 
support the Spelman research students throughout the academic year. The subcontract provides 
funding for a research cohort of four students, who will work up to 10/hours a week. We have 
budgeted $3950 per student for Dr. Pai to use for set-up costs and support of the laboratory 
facilities and supplies for the students’ projects.  

Three Spelman undergraduates attended MSU’s 2017 summer research program on the East 
Lansing Michigan campus. In August, BEACON will provide support for Dr. Pai to travel to 
Michigan State University to coordinate with the MSU summer faculty supervisor, Dr. Fred 
Dwyer for the subsequent academic year’s continuation of the research at Spelman and to attend 
BEACON’s annual congress. All three of the Spelman students have presented their summer 
research posters at different professional conferences throughout this fall; and in December, they 
are submitting a paper for publication with Dr. Pai on their research project. 

 
2b. Impact of these activities on enhancing diversity at the center 

BEACON was founded with a fairly diverse membership and has excellent leadership with 
Chair of the Diversity Steering Committee, Dr. Percy Pierre and Diversity Director Brown 
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Clarke in pursuing further diversity. Its annual budget request process allowed for projects aimed 
at increasing or preserving diversity to be considered annually, reviewed primarily by the 
Diversity Steering Committee, which spans all BEACON partner schools/sites. As described and 
documented above, many of the projects undertaken have been extremely successful and have 
become “institutionalized” within our strategic efforts, no longer requiring internal funding to 
continue. We are enjoy the fact that students, post-docs, faculty and collaborative partners are 
coming to BEACON as a world class destination for learning and collaborating on evolutionary 
science; therefore it is extremely critical to having a sustained pipeline for inclusive recruitment 
and partnership. 

With the involvement of Dr. Percy Pierre, Chair of BEACON’s Diversity Committee and Dr. 
Judi Brown Clarke, BEACON’s Diversity Director, the Alfred P. Sloan Foundation and National 
Action Council for Minorities in Engineering, Inc. (NACME) awarded a grant to the 
SLOAN/BEACON Program for $60,000 (AY 2014-2017). This program is charged with 
increasing URM PhD recruitment and retention efforts in the Electrical & Computer Engineering 
Department and the BEACON Center.  

Working with MSU’s Resource Center for Persons with Disabilities, BEACON audited and 
made appropriate corrections to its website to ensure it met the standards for accessibility for 
people with disabilities.  

 

2c. Progress towards goals 
To summarize our diversity statistics: 

• URMs: BEACON participants are: 53% White, 24% Black, 10% Asian, 5% 
Hispanic/Latino, 1% Native American, and 7% two or more races/ethnicities. 37% of 
BEACON participants are self-reporting as URMs, which is 20.1% above the National 
Norm (30.8%).  

• Women: BEACON’s strategic efforts to increase overall female participation across all 
levels has resulted in 43% of BEACON participants are female, which is 31.1% higher 
than the National Norms of 32.8%. The number of female faculty is 39%, which also 
surpasses the national norm of 31.0% by 25.8%. 

• Individuals with Disabilities: Currently 6.4% of BEACON participants self-reported as 
having a disability, which exceeds the National Norms (3.3%) by 93.9%. By 
demonstrating a commitment to being an inclusive and welcoming consortium, 
undergraduates have increased to 7.1%, which is an 51% increase over the National 
Norm (4.7%); graduates has increased to 8.2%, which is an 43.8% increase over the 
National Norm (5.7%), post-docs (where National Norm data is unavailable) maintained 
at the level of 2%, and faculty (2.7%) are equal to the National Norm (2.17%). 

 
2d. Plans for the next reporting period 

• BEACON will collaborate with its partners/collaborators to create legacy documents, 
efforts and resources that can sustain at the partner schools post-NSF funding 

• BEACON will continue to leverage funding and secure grants to support diversity efforts 
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and research opportunities for URMs, females and individuals with disabilities 
• BEACON will work with our external evaluators, Drs. Patricia Farrell-Cole and Marilyn 

Amey to conduct a comprehensive evaluation of diversity outcomes and climate/program 
impacts. 
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VII. MANAGEMENT 
 
1a. Center's organizational strategy and its underlying rationale 

The Center's overall organizational strategy and rationale is unchanged since the last 
reporting period. We have made one change to the BEACON organizational chart. Dr. Gerry 
Dozier was a co-partner lead at NC A&T from 2010-2017, with Dr. Joseph Graves, Jr. as the 
other co-lead. Dozier has accepted a position as Endowed Chair for the McCrary Institute in the 
College of Engineering at Auburn University, and Graves is now the sole partner lead at NC 
A&T. 

Project Selection Process. Projects at BEACON are chosen through an annual selection 
process, in which BEACON members submit "budget requests" in early spring under one of six 
categories: Thrust Group 1, 2, 3, or 4; Education; Diversity; or Other (which can include 
infrastructure requests). Research projects are evaluated by the two leads for the respective thrust 
group, as well as 4 ad hoc reviewers from within the thrust group, chosen by the leads, including 
faculty members from any of the five BEACON universities and a smaller number of BEACON 
postdocs and senior Ph.D. students. Projects focused on education and outreach are evaluated by 
the Education Steering Committee while those focused on increasing diversity are evaluated by 
the Diversity Steering Committee. Projects designated “other” are reviewed by the Management 
team. Each budget request is evaluated on the basis of 9 criteria, each of which is rated on a scale 
from 1-5. There are four intellectual merit criteria (1-4) and four broader impact criteria (5-8), 
plus a 9th criterion, Budget Appropriateness:  

1. Scientific strength of the proposed project 
2. Centrality of project to BEACON’s mission 
3. Probability of leading to external funding  
4. Degree of multidisciplinarity 
5. Impact on education and human resource development 
6. Knowledge transfer to industry 
7. Impact on achieving the diversity goals of BEACON 
8. Multi-institutionality 
9. Budget Appropriateness 
Additionally, all education and outreach projects are required to include an evaluation plan. 

This process has evolved over the last several years as the Executive Committee identifies 
necessary refinements, but we have not made any substantial changes since the previous 
reporting period.  

 

1b-1c. Performance and management indicators and progress towards goals 
BEACON’s overall Leadership and Management goals are to envision and enable the 

Center’s mission through inclusive and transparent decision-making as well as effective and 
responsible implementation; to inspire Center participants; and to facilitate collaborative efforts 
within and beyond the Center. In the table below, we list specific optimal outcomes and 
indicators we have developed, and report our progress for each one.  
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Management Goals 
GOAL METRICS PROGRESS 

Increase in cross-disciplinary 
research and education 

Number of paper/conference 
submissions by BEACON 
authors  

53% of publications and 48% 
of presentations reported as 
interdisciplinary 

Number of students enrolled 
in cross-disciplinary courses  

19 in semester-long courses, 
plus hundreds in workshops 
on computational science for 
biologists 

Number of funding proposals 
submitted  

28 of 48 grant proposals 
submitted (58%) reported as 
interdisciplinary; 16 of 48 
(33%) inter-institutional 

Increase in cross-institutional 
research and education 

Number of paper/conference 
submissions  

40% of all publications and 
29% of presentations reported 
to be cross-institutional  

Number of new courses and 
workshops  

As discussed in Education 
section, many Data Carpentry 
workshops were offered to a 
national audience in the 
reporting period, plus one 
EDAMAME (Explorations in 
Data Analyses for 
Metagenomic Advances in 
Microbial Ecology) workshop.  

Number of students in cross-
institutional courses  

In 2017, there were 16 MSU 
students and 3 students from 
partner universities enrolled in 
semester-long BEACON 
courses. Some BEACON 
partners offered local 
equivalents to these MSU 
courses. Hundreds participated 
in workshops on 
computational science for 
biologists 

Increase in new funding 
sources (cross-disciplinary and 
cross-institutional) 

Number of submissions  BEACON researchers 
submitted 48 proposals for 
external funding concerning 
evolution in action, and 
>$19M in external funding 
was granted 

Award dollars  BEACONites have been 
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awarded over $19M from 
outside BEACON in this 
funding period (>$17M for 
cross-disciplinary proposals), 
well exceeding goal of 
$5M/year 

Effective support of Center 
operations by Management 
team 

Survey for participants about 
management team  

2017 evaluation focused on 
priorities for post-STC 
funding legacy, and highlights 
BEACON’s role in 
stimulating interdisciplinary 
and inter-institutional 
collaboration  

Feedback from External 
Advisory Committee 

Feedback has been positive 
and encouraging (Appendix 
C) 

Center is perceived by NSF as 
exemplary 

Renewal of NSF funding BEACON’s 5-year renewal 
proposal was approved and 
funded in 2015. 

Number of public mentions 
made by NSF about BEACON  

Multiple mentions and 
retweets on NSF’s Twitter 
feeds 

 
Cross-disciplinary and cross-institutional research, education, and funding. We ask 

BEACON participants to self-report on our Intranet whether their reported outputs & activities 
are interdisciplinary or inter-institutional. 

Research: The graph below illustrates the reported percentage of paper and grant proposal 
submissions in each year that are interdisciplinary and inter-institutional. Both types of 
collaborative outputs increased steadily during BEACON’s first five years, with a much sharper 
increase of interdisciplinary publications between Years 3 and 5. The past year shows that this 
rate has largely plateaued, and about 50-60% of current BEACON outputs are self-reported as 
interdisciplinary and about 35-45% as inter-institutional. This plateauing is not unexpected and is 
at a level viewed as very acceptable by BEACON management. 
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Education: The BEACON interdisciplinary graduate courses have continued, as described in 

section III: Education, and have served a total of 19 students in 2017. The leadership efforts of 
Dr. Tracy Teal have allowed the Data Carpentry workshops to be organized as a not-for-profit 
organization and offered nationally at many sites. After initial support from NSF via a 
supplement to BEACON, the Moore Foundation funded this effort with a grant administered 
through BEACON, with Dr. Teal as the PI. In 2017, the Software Carpentry organization 
decided to merge with Data Carpentry, and Dr. Teal is the executive director of the resulting 
combined not-for-profit. Data Carpentry and the new combined organization arose due to 
BEACON and its collaboration with sister NSF biology centers, and serve the national 
community of biologists interested in learning how better to apply computational methods in 
their research.  

The fourth annual Explorations in Data Analyses for Metagenomic Advances in Microbial 
Ecology (EDAMAME), organized and taught by Ashley Shade, Tracy Teal, and Adina Howe, 
was offered this summer. This intensive 7-day summer workshop provides computational 
training to microbial ecologists. EDAMAME is supported by grants from the NIH and the 
National Institute of Food and Agriculture, as well as by BEACON funds.  

Funding sources: BEACON researchers reported submitting 48 grant proposals for well 
over $34M during this reporting period, 28 (58%) of which are interdisciplinary, and 16 (33%) 
of which are inter-institutional. Of these, 24 [50%] have been funded so far, among them, 12 
[50%] were interdisciplinary and 8 [33%] were inter-institutional. Total funded was over $19M 
in external funds, from NSF, NIH, DARPA, the Air Force Research Laboratory, and the Howard 
Hughes Medical Institute, among others. 8 submitted proposals were declined, and no decision 
has yet been reported for another 16 proposals.  



BEACON 2017 Annual Report  VII. Management, page 82 

Other metrics: BEACON Organizational Formative Evaluation Report. Each year since its 
inception, BEACON has charged a team of experts on organizational evaluation, led by Drs. 
Patricia Farrell-Cole and Marilyn Amey, to study BEACON and report on the attitudes of 
participants, practices of management, and other related issues that might reveal desirable 
changes in BEACON’s structure or procedures. In 2017, Farrell-Cole and Amey focused on 
envisioning BEACON’s priorities for our post-STC funding legacy. Responses from participants 
indicated that much of BEACON’s value continues to be in the area of stimulating 
interdisciplinary research. Participants perceived BEACON as a reliable place where they could 
find new collaborators and learn more about fields outside of their “home” discipline, as well as 
initiate cross-institutional collaborations. BEACON’s ability to raise the prestige of inter-
disciplinary and inter-institutional collaborations was also considered valuable, as was the 
center’s attractiveness to potential faculty and student recruits.  

 

1d. Problems encountered 
Our primary challenges have always revolved around communication – between disciplines 

and across institutions, within BEACON and between BEACON and the general public. We 
continue to address these challenges and to build a greater sense of community within the Center. 
In general we have been very successful in this area; however, it does require constant effort.  

Communicating online and via video. Our external and internal website is used extensively 
by BEACON's participants and affiliates and is a great source of information about the center’s 
ongoing activities and who is involved in them. Our email lists are also heavily used to distribute 
information. We use our videoconferencing technology during our weekly BEACON seminar, 
our BEACON classes, and other long-distance collaborative activities 

Need for increased face-to-face interaction. Despite progress in long-distance 
communication technology, our participants continue to express the feeling that the best way to 
communicate and create a sense of community is with face-to-face interaction. We provide travel 
funding for members to visit participating institutions for collaborative work. Our primary face-
to-face event is the annual BEACON Congress, where members from all five institutions come 
together to present results from research and education activities and to brainstorm around 
research problems. In 2012, the Congress was two full days (in addition to the student/postdoc 
retreat day); in 2013, we added a third full day, which has now become standard. At the 2013 
Congress, we introduced a networking event that gave students and postdocs an opportunity to 
meet and interact with faculty members that they might not normally talk to. This event was very 
popular and successful, and has been repeated every year since 2015. 

 

2. Management and communications systems  
Management systems. Our central management “engine” is our intranet system, the original 

structure of which we purchased from the Center for Materials and Devices for Information 
Technology Research (CMDITR) in November 2010. Since the last reporting period, we have 
continued updating the site to improve functionality and user experience. Our new Information 
Technologist, Tim Schmidt, continues to work on migrating the database and the user interface 
over to Wordpress systems, which will improve functionality for users and also make the process 
of reporting much easier. 
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Central website. Our website is located at www.beacon-center.org. The front page of this 
website is in a blog format. We have featured weekly blog posts by BEACON students, 
postdocs, and faculty describing their research at a level accessible to the scientific public every 
week since April 2011. The primary blog theme is "BEACON Researchers at Work," in which 
students and postdocs describe their research questions and approach, and include a photo to 
introduce" themselves to the public. The blog posts are searchable (by matching typed-in words) 
on the main BEACON page and the Research page on the public website. The BEACON Science 
Communication Postdoc (currently Travis Hagey) solicits, schedules, and edits these posts. In 
addition, we also post news stories about BEACON research and education activities in that 
space. Other pages in the website describe BEACON’s mission, research, and education and 
diversity efforts, and we maintain an archive of BEACON press releases and media coverage. 
Access to BEACON’s members-only Intranet is through these pages. That Intranet site contains 
useful information about BEACON members, and much of that content is being migrated, in a 
somewhat protected form, to the public pages as the new content of the People page. 

Social media. We also connect with our members and the general public via Facebook 
(http://www.facebook.com/BEACONCenterEvolution, 773 “likes” as of 9/27/17, an increase of 
14% since the last annual report and Twitter (@BEACON_Center, 1300 followers as of 9/27/17, 
an increase of 19%). We use these networking tools to announce blog posts and media coverage, 
to send reminders about Center-wide activities, to share relevant web material, and to help 
maintain a sense of community. We also encourage live-tweeting at the BEACON Congress, 
which greatly increases BEACON’s visibility in scientific social media circles. These social 
media feeds are updated at least 2-3 times a week by the Managing Director, Education Director, 
Science Communication Postdoc Travis Hagey and Evolution Education & Outreach Postdoc 
Alexa Warwick. 

Videocommunications systems. For our weekly Friday all-location meetings we are using 
Polycom and Tandberg dedicated videoconferencing equipment, augmented by a software bridge 
hosted by Acano. Presenters are able to speak and show slides at any of the partner schools and 
have them viewed at high quality at the other universities. The University of Washington also 
has members regularly attending from two remote sites (Friday Harbor Laboratories and Fred 
Hutchinson Cancer Research Center), and some MSU members attend from Kellogg Biological 
Station. The audience at all these sites can be seen and heard by the speakers to allow cross-
campus interactions. A limited number of individuals can view/hear these meetings from their 
personal computers and even interact by telephone. For multiple-campus classes (two in the fall 
and one in the spring) we use the same video-conferencing equipment, but controlled by the local 
Polycom unit at the BEACON center at MSU. For smaller and informal meetings across 
campuses we are using Skype, Google Hangouts, or Acano. A Canon Vixia camera and Vidiu 
encoder are available for live-streaming events via Youtube, Livestream, or other web video 
services. 

 

3. Names and affiliations of the Center's external advisors  
There were no changes to the BEACON External Advisory Board in 2017.  
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External Advisory Board 
Name Affiliation 

Meghan Duffy University of Michigan 
Scott Edwards Harvard University 
John Koza Stanford University 
Hod Lipson Cornell University 
Ross Nehm SUNY Stony Brook 
Una-May O'Reilly Massachusetts Institute of Technology 
Martin Pelikan Google Inc. 
Joan Strassman Washington University in St. Louis 

The seventh meeting of BEACON’s External Advisory Board was held August 4, 2017, at 
Michigan State University, during the BEACON Congress. The summary report from that 
meeting is provided in Appendix C. 

 

4. Changes to the Center's strategic plan 
We have made no major changes to any of the outcomes or metrics in our Strategic 

Implementation Plan.  
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VIII. CENTER-WIDE OUTPUTS AND ISSUES 
 

1a. Center publications 
 

Peer-Reviewed Publications 
 

1. Alavi A, Gandomi A. 2017. Big data in civil engineering. Automation in Construction 
79:1-2. 

2. Alden M, Miikkulainen R. 2017. MARLEDA: Effective Distribution Estimation Through 
Markov Random Fields. Theoretical Computer Science. 633: 4-18.  

3. Bao C, Xu L, Goodman E, Cao L. 2017. A Novel Non-Dominated Sorting Algorithm for 
Evolutionary Multi-objective Optimization. Journal of Computational Sciences. doi: 
10.1016/j.jocs.2017.09.015 

4. Bennett M, Shiu S, Triemer R. 2017. A rare case of plastid protein-coding gene 
duplication in the chloroplast genome of Euglena archaeoplastidiata (Euglenophyta). 
Journal of Phycology 53(3):493-502. 

5. Benson-Amram S, Dantzer B, Stricker G, Swanson E, Holekamp K. 2015. Brain size 
predicts problem-solving ability in mammalian carnivores. Proceedings of the National 
Academy of Sciences of the United States of America 113(9): 2532-2537.  

6. Berling E, Mcleskey C, O’Rourke M, Pennock R. Submitted. A New Method for a 
Virtue-based Responsible Conduct of Research Curriculum: Pilot Test Results. 

7. Bohm C, C G N, Hintze A. 2017. MABE (Modular Agent Based Evolver): A framework 
for digital evolution research. Proceedings of the 2017 European Conference on Artificial 
Life 14: 76-83.  

8. Brown E, Sridhara V, Boutz D, Person M, Marcotte E, Barrick JE, Wilke CO. 2017. 
Large-scale analysis of post-translational modifications in E. coli under glucose-limiting 
conditions. BMC Genomics. 18: 301.  

9. Bruger E, Waters C. Submitted. Maximizing Growth Yield and Dispersal Promotes 
Cooperation via Quorum Sensing in Vibrio Bacteria. ISME J.  

10. C G N, LaBar T, Hintze A, Adami C. 2017. Origin of life in a digital microcosm. 
Philosophical Transactions of the Royal Society A. In Press.  

11. Caglar U, Houser J, Barnhart C, Boutz D, Carroll S, Dasgupta A, Lenoir W, Smith B, 
Sridhara V, Sydykova DK, Vander Wood D, Marx CJ, Marcotte EM, Barrick JE, Wilke 
CO. 2017. The E. coli molecular phenotype under different growth conditions. Scientific 
Reports 7: 45303. doi:10.1007/s10710-016-9282-8.  

12. Canino-Koning R, Keagy J, Ofria C. 2017. Sexual Selection Promotes Ecological 
Speciation in Digital Organisms. Proceedings of the 2017 European Conference on 
Artificial Life 14: 84-90.  

13. Chen L, Liu H, Fan Z, Xie S, Goodman ED. 2017. Modeling the Tracking Area Planning 
Problem Using an Evolutionary Multi-objective Algorithm. IEEE Computational 
Intelligence Magazine. 12: 29-41. doi:10.1109/MCI.2016.2627669 

14. Cheng B. 2016. Addressing Assurance for Self-Adaptive Systems in the Face of 
Uncertainty. IEEE International Conference on Autonomic Computing. 
doi:10.1109/ICAC.2016.53 

15. Chodur DM, Guo L, Pu M, Bruger E, Fernandez N, Waters C, Rowe-Magnus DA. 2017. 
The proline variant of the W[F/L/M][T/S]R c-di-GMP binding motif suppresses 
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dependence on signal-association for regulator function. Journal of Bacteriology. doi: 
10.1128/JB.00344-17 

16. Clark A, DeVries B, Moore J, Cheng B, McKinley P. 2017. An evolutionary approach to 
discovering execution mode boundaries for adaptive controllers. IEEE Symposium Series 
on Computational Intelligence 1-8. doi: 10.1109/SSCI.2016.7850178. 

17. Clark T, Friel C, Grman E, Shachar-Hill Y, Friesen M. 2017. Modelling nutritional 
mutualisms: challenges and opportunities for data integration. Ecology Letters. 20: 1203-
1215. 

18. Combemale B, Cheng B, Moreira A, Bruel J, Gray J. 2017. Modeling for sustainability. 
MiSE@ICSE 2016: 62-66.  

19. Connelly B, Bruger E, McKinley PK, Waters C. 2017. Resource Abundance and the 
Critical Transition to Cooperation. Journal of Evolutionary Biology. 30(4): 750-761. 
doi:10.1111/jeb.13039 

20. Connelly B, Dickinson K. 2017. Cooperators get competitive in mixed company. 
Evolution 71(6):1735-1736.  

21. Couce A, Caudwell LV, Feinauer C, Hindre T, Feugeas J-P, Weigt M, Lenski RE, 
Schneider D, Tenaillon O. 2017. Mutator genomes decay, despite sustained fitness gains, 
in a long-term experiment with bacteria. Proc. Natl. Acad. Sci. USA. 114: E9026-E9035.  

22. Dalia T, Yoon S, Galli E, Barre F, Waters C, Dalia A. 2017. Enhancing multiplex 
genome editing by natural transformation (MuGENT) via inactivation of ssDNA 
exonucleases. Nucleic Acids Research 45(12): 7527-7537. 

23. Deatherage D, Kepner J, Bennett A, Lenski RE, Barrick JE. 2017. Specificity of genome 
evolution in experimental populations of Escherichia coli evolved at different 
temperatures. Proc. Natl. Acad. Sci. USA 114: E1904-E1912.  

24. Deb K, Roy P, Guber A, Smucker A, Nejadhashemi A. Submitted. Investigating 
Practicalities in Optimization of a Precision Irrigation System. 

25. Deb K, Averill R, Ryerkerk M, Goodman ED. 2017. Solving metameric variable-length 
optimization problems using genetic algorithms. Genetic Programming and Evolvable 
Machines. 18(2): 247-277.  

26. deMelo V, Banzhaf W. 2017. Improving the prediction of material properties of concrete 
using Kaizen Programming with Simulated Annealing. Neurocomputing 246: 25-44.  

27. DeVries B, Cheng B. 2017. Automatic Detection of Incomplete Requirements Using 
Symbolic Analysis and Evolutionary Computation. Search Based Software Engineering 
10452:49-64. doi:10.1007. 

28. DeVries B, Cheng B. 2016. Automatic detection of incomplete requirements via 
symbolic analysis. MODELS ’16 385-395. doi:10.1145. 

29. Dijkstra P, Maguire S, Harris RM, Rodriguez A, DeAngelis R, Flores S, Hofmann H. 
2017. The melanocortin system regulates body pigmentation and social behaviour in the 
cichlid fish Astatotilapia burtoni. Proc R Soc B 284: 20162838. 

30. Dolson E, Ofria C. 2017. Spatial resource heterogeneity creates local hotspots of 
evolutionary potential. bioRxiv. doi: 10.1101/149302. 

31. Dunham, M, Hope E, Miller A, Heil C. 2017. Experimental evolution-based design to 
reduce the adaptive potential for flocculation in Saccharomyces cerevisiae. Genetics. 
206(2): 1153-1167. doi:10.1534/genetics.116.198895 

32. Echave J, Wilke C. 2017. Biophysical models of protein evolution: Understanding the 
patterns of evolutionary sequence divergence. Annual Review of Biophysics 46:85-103. 
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33. Ferrario C, Alessandri G, Mancabelli L, Gering E, Magnifesta M, Milani C, Lugli GA, 
Viappiani A, Duranti S, Turroni F, Ossiprandi MC, Hiyashi R, Mackie R, van Sinderen 
D, Ventura M. 2017. Untangling the cecal microbiota of feral chickens by culturomic and 
metagenomic analyses. Environmental Microbiology In Press. doi:10.1111/1462-
2920.13943 

34. Fleet B, Deller JR Jr, Goodman ED. 2017. Initial Results in Alzheimer's Disease 
Progression Modeling Using Imputed Health State Profiles. 2016 International 
Conference on Computational Science and Computational Intelligence.  

35. Fodor A, Swalla B. Submitted. Cymric, a maternal and zygotic HTK-16-like SHARK-
family tyrosine kinase gene, is disrupted in M. occulta, a tailless ascidian. 

36. Fortuna M, Zaman L, Ofria C, Wagner A. 2017. The genotype-phenotype map of an 
evolving digital organism. PLoS Computational Biology. 13(2): e1005414.  

37. Foster JA. 2017. Taking “biology” just seriously enough: Commentary on “On the 
mapping of genotype to phenotype in evolutionary algorithms” by Peter A. Whigham, 
Grant Dick, and James Maclaurin. Genetic Programming and Evolvable Machines 18: 
395-398.  

38. Fowler B, Banzhaf WC. 2017. Modelling Evolvability in Genetic Programming. Euopean 
Conference on Genetic Programming. 215-229.  

39. Gandomi A. 2017. Gene expression programming approach to cost estimation 
formulation for utility projects. Journal of Civil Engineering and Management. 23(1): 85-
95. doi:10.3846/13923730.2016.1210214 

40. Gandomi A. 2017. Retaining wall optimization using interior search algorithm with 
different bound constraint handling. International Journal for Numerical and Analytical 
Methods in Geomechanics. In Press. doi:10.1002/nag.2678 

41. Gandomi A. 2017. Salp Swarm Algorithm: A bio-inspired optimizer for engineering 
design problems. Advances in Engineering Software. In Press. 
doi:10.1016/j.advengsoft.2017.07.002 

42. Gandomi A. 2017. Seismic Failure Probability and Vulnerability Assessment of Steel-
Concrete Composite Structures. Periodica Polytechnica Civil Engineering. In Press. 
doi:10.3311/PPci.10548 

43. Gandomi AH. 2017. Adaptive Krill Herd Algorithm for Global Numerical Optimization. 
Advances in Computer and Computational Sciences. 553: 517-525. doi:10.1007/978-981-
10-3770-2_48. 

44. Gandomi AH. 2017. An evolutionary approach for fMRI big data classification. 2017 
IEEE Congress on Evolutionary Computation. 1029-1036. 
doi:10.1109/CEC.2017.7969421. 

45. Gandomi AH. 2017. fMRI Smoking Cessation Classification Using Genetic 
Programming. 2017 IEEE Congress on Evolutionary Computation.  

46. Gandomi AH. 2017. High Performance GP-Based Approach for fMRI Big Data 
Classification. Proceedings of the Practice and Experience in Advanced Research 
Computing 2017 on Sustainability, Success and Impact. doi:10.1145/3093338.3104145. 

47. Gandomi AH. 2017. Study of Different Boundary Constraint Handling Schemes in 
Interior Search Algorithm. Artificial Intelligence and Evolutionary Computations in 
Engineering Systems. 517: 547-564. doi:10.1007/978-981-10-3174-8_46. 



BEACON 2017 Annual Report  VIII. Center-Wide Outputs, page 88 

48. Gaur A, Deb K. 2017. Effect of Size and Order of Variables in Rules for Multi-Objective 
Repair-Based Innovization Procedure. 2017 IEEE Congress on Evolutionary 
Computation (CEC). doi:10.1109/CEC.2017.7969568. 

49. Goldsby H, Young R, Hofmann H, Hintze A. 2017. Increasing the complexity of 
solutions produced by an evolutionary developmental system. Proceedings of The 
Genetic and Evolutionary Computation Conference (GECCO 2017). 57-58.  

50. Good B, McDonald M, Barrick JE, Lenski RE, Desai M. 2017. The dynamics of 
molecular evolution over 60,000 generations. Nature In Press. doi:10.1038/nature24287 

51. Graves J, Jr, Thomas M, Ewunkem J. 2017. Antimicrobial Nanomaterials: Why 
Evolution Matters. Nanomaterials 7(10): 283.  

52. Graves J, Jr. Submitted. Evolution of copper resistance in Escherichia coli. 
53. Graves J, Jr. Submitted. Evolution of iron resistance in Escherichia coli. 
54. Hagey T, Harte S, Vickers M, Harmon L, Schwarzkopf L. Submitted. Evolutionary 

Patterns in Limb Length, Microhabitat Use, and Adhesive Performance: There’s More 
Than One Way to Climb a Tree. 

55. Hagey T, Uyeda J, Crandell K, Cheney J, Autumn K, Harmon L. 2017. Tempo and Mode 
of Performance Evolution Across Independent Origins. Evolution 71: 2344–2358. 

56. Hejase H, Edger P, Vande Pol N, Bonito, Liu K. 2017. Coal-Miner: a statistical method 
for GWA studies of quantitative traits with complex evolutionary origins. ACM-BCB'17.  

57. Holekamp KE, Benson-Amram S. 2017. The evolution of intelligence in mammalian 
carnivores. Interface Focus 7: 20160108 

58. Holekamp KE, Miikkulainen R. 2017. The evolution of general intelligence in all animals 
and machines. Behavioral and Brain Sciences 40: 32-33. doi:/10.1098/rsfs.2016.0108.  

59. Huang C, Yu C, Wu Y, Lu M, Tu S, Wu S, Shiu S, Ku M, Li W. 2017. Elevated auxin 
biosynthesis and transport underlie high vein density in C4 leaves. Proceedings of the 
National Academy of Sciences of the United States of America 114(33):6884-6891. 

60. Hunt A, Gibson J, Larrivee C, O’Reilly S, Navitskaya S, Needle D, Abramovitch R, 
Busik J, Waters C. 2017. A bioluminescent Pseudomonas aeruginosa wound model 
reveals increased mortality of Type 1 diabetic mice to biofilm infection. Journal of 
Wound Care 26(Sup7):S24-S33. 

61. Jack BK, Boutz D, Paff M, Smith B, Bull JJ, Wilke CO. 2017. Reduced protein 
expression in a virus attenuated by codon deoptimization. G3: Genes, Genomes, Genetics 
7: 2957-2968.  

62. Jack C, Friesen M, Hintze A, Sheneman L. 2017. Third-party mutualists have contrasting 
effects on host invasion under the enemy-release and biotic-resistance hypotheses. 
Evolutionary Ecology. In press. 1-17. doi: 10.1007/s10682-017-9912-5 

63. LaBar T, Adami C. Submitted. Genome size and the extinction of small populations. 
64. Lalejini A, Wiser M, Ofria C. 2017. Gene Duplications Drive the Evolution of Complex 

Traits and Regulation. Proceedings of the 2017 European Conference on Artificial Life. 
257-264.  

65. Laubach Z, Perng W, Dolinoy D, Faulk C, Holekamp K, Getty T. Submitted. Epigenetics 
and the maintenance of phenotypic plasticity: extending a signaling theory framework. 

66. Lenski R. 2017. Convergence and divergence in a long-term experiment with bacteria. 
The American Naturalist 190(S1):57-68. 

67. Lenski R. 2017. Experimental evolution and the dynamics of adaptation and genome 
evolution in microbial populations. The ISME Journal 11:2181-2194. 
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68. Lenski RE. 2017. What is adaptation by natural selection? Perspectives of an 
experimental microbiologist. PLOS Genetics 13: e1006668. doi:10.1098/rspb.2016.2838.  

69. Lenski R, Burnham T. Submitted. Experimental evolution of bacteria across 60,000 
generations, and what it might mean for economics and human decision-making. 

70. Lehti-Shiu M, Panchy N, Wang P, Uygun S, Shiu S. 2017. Diversity, expansion, and 
evolutionary novelty of plant DNA-binding transcription factor families. Biochimica et 
Biophysica Acta 1860(1):3-20. 

71. Lewin NE, Holekamp KE, Swanson E, Williams BL. 2017. IGF-1 concentrations during 
early life predict life-history trade-offs in a wild mammal. Functional Ecology 31: 894-
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72. Liebeskind B, Hofmann H, Hillis D, Zakon H. 2017. Evolution of Animal Neural 
Systems. Annual Review of Ecology, Evolution, and Systematics 48: 377-398. 

73. Lockett A, Miikkulainen R. 2017. A Probabilistic Reformulation of No Free Lunch: 
Continuous Lunches Are Not Free. Evolutionary Computation 25(3):503-528. 
doi:10.1162. 

74. Loftie-Eaton W, Bashford K, Quinn H, Dong K, Millstein J, Hunter S, Thomason M, 
Merrikh H, Ponciano J, Top E. 2017. Compensatory mutations improve general 
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Management Problem Using a Bilevel Evolutionary Approach. Proceedings of The 
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Rodríguez JM, Pareja RG, Bode L. 2017. What's normal? Oligosaccharide concentrations 
and profiles in milk produced by healthy women vary geographically. American Journal 
of Clinical Nutrition 105(5): 1086-1100.  

79. McWhite CD, Meyer AG, Wilke CO. 2017. Sequence amplification via cell passaging 
creates spurious signals of positive adaptation in influenza virus H3N2 hemagglutinin. 
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82. Miikkulainen R. 2017. Conversion Rate Optimization through Evolutionary 
Computation. Proceedings of The Genetic and Evolutionary Computation Conference 
(GECCO 2017). 1193-1199.  

83. Mirjalili S, Gandomi A. 2017. Chaotic gravitational constants for the gravitational search 
algorithm. Applied Soft Computing 53:407-419. 
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84. Nahum J, West J, Althouse B, Zaman L, Ofria C, Kerr B. 2017. Improved adaptation in 
exogenously and endogenously changing environments. Proceedings of the 2017 
European Conference on Artificial Life 14: 306-313.  

85. Nariyoshi P, Deller JR Jr, Yan J. 2017. Modified genetic crossover and mutation 
operators for sparse regres- sor selection in NARMAX brain connectivity modeling. 2017 
8th International IEEE/EMBS Conference on Neural Engineering. 
doi:10.1109/NER.2017.8008437. 

86. Peng F, Lenski R, Cooper T. Submitted. Effects of beneficial mutations in pykF gene 
vary over time and across replicate populations in a long-term experiment with bacteria. 

87. Pontes A, Whalen I, Mitchell A, Mobley R, Dyer F, Ofria C. Submitted. Investigations 
into the Evolutionary Origin of Navigation and Learning. 

88. Racioppi C, Valoroso M, Coppola U, Lowe E, Brown C, Swalla B, Christiaen L, Stolfi 
A, Ristoratore F. 2017. Evolutionary loss of melanogenesis in the tunicate Molgula 
occulta. EvoDevo. doi:10.1186/s13227-017-0074-x. 

89. Rakotomalala E, Rakotondraparany F, Perofsky A, Lewis R. 2017. Characterization of 
the tree holes used by Lepilemur ruficaudatus in the dry, deciduous forest of Kirindy 
Mitea National Park. Karger 88(1):28-41. 

90. Ratcliff W, Herron M, Conlin P, Libby E. 2017. Nascent life cycles and the emergence of 
higher-level individuality. Philosophical Transactions of the Royal Society B. 372: 1735. 
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91. Renda B, Chan C, Parent K, Barrick J. 2016. Emergence of a competence reducing 
filamentous phage from the genome of Acinetobacter baylyi ADP1. Journal of 
Bacteriology 198(23):3209-3219.  

92. Ricalde E, Banzhaf W. 2017. A Genetic Programming Approach for the Traffic Signal 
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Programming. 133-148.  

93. Ridenhour B, Metzger G, France M, Gliniewicz K, Millstein J, Forney L, Top EM. 2017. 
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647.  
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McGuire MA, Williams JE, Foster J, Sellen DW, Kamau-Mbuthia EW, Kamundia EW, 
Mbugua S, Moore SE, Kvist LJ, Otoo GE, Lackey KA, Flores K, Pareja RG, Bode L, 
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96. Ryerkerk M, Averill R, Deb K, Goodman E. Submitted. An Inter-Length Niching 
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97. Ryerkerk M, Deb K, Goodman E, Averill R. Submitted. A Survey of Metameric 
Problems and Algorithms. 
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Problems. International Journal of Geographical Information Science. In Press.  
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Soft-shell Clams and Shipworms. 

107. Smythe W, Clarke J. Submitted. Developing Culturally Relevant Curriculum Coupling 
TEK with STEM. 
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Waters CM, Neufeld HS, Karatan E. 2017. Spermine inhibits Vibrio cholerae biofilm 
formation through the NspS-MbaA polyamine signaling system. Journal of Biological 
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124. Turner C, Wade B, Meyer J, Sommerfeld B, Lenski R. 2017. Evolution of organismal 
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2. Gandomi A. Gravitational Search Algorithm With Chaos. Handbook of Neural 
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3. Gandomi A. Optimum Design of Composite Concrete Floors Using a Hybrid Genetic 
Algorithm. Handbook of Neural Computation 581-589. 

4. Graves J, Jr. The biosciences and neo-racism. The Handbook of Cultural Security. 
5. Harris R, O’Connell L, Hofmann H. Chapter 15: Brain Evolution, Development, and 

Plasticity. The Wiley Handbook of Evolutionary Neuroscience 422-443. 
6. Holekamp K. Convergent Evolution Of Hyena And Primate Social Systems. 

Encyclopedia of Evolutionary Psychological Science. 
7. Johnson-Ulrich L, Lehmann K, Turner J, Holekamp K. Testing cognition in the Umwelt 

of the spotted hyena. The experimental Umwelt: A practical guide to animal cognition. 
8. Laubach Z, Faulk C, Cardenas A, Perng W. Nutrition, DNA methylation, and 

developmental origins of cardiometabolic disease: A signal systems approach. Handbook 
of Nutrition, Diet and Epigenetics. 

9. Miikkulainen R. A Neuroevolutionary Approach to Adaptive Multi-Agent Teams. 
Foundations of Trusted Autonomy. 

10. Schrum J, Miikkulainen R. Constructing Game Agents Through Simulated Evolution. 
Encyclopedia of Computer Graphics and Games. 

11. Weitekamp C, Hofmann H. Brain Systems Underlying Social Behavior. Evolution of 
Nervous Systems 327-334. 

12. Wiser M, Lenski R. Evolutionary theory and experiments with microorganisms. 
Reference Modules in Life Sciences 1-14. 
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 Talks 

1. Banzhaf, W. Artificial Chemistries. European Conference on Artificial Life. 
2. Banzhaf, W. Keynote: Genetic Programming between Machine Learning and Software 

Engineering. GECCO 2017 
3. Banzhaf, W.; Cussat-Blanc, S. Tutorial on Artificial Gene Regulatory Networks. GECCO 

2017. 
4. Berling, E.; Mcleskey, C.; Pennock, R. T. A Virtue-Based Responsible Conduct of 

Research (RCR) Curriculum: Pilot Test Results. 5th World Conference on Research 
Integrity. 

5. Brenner, E.; Wylie, D.; Young, R.; Hofmann, H. A. Identification of Tissue-Specific 
Regulatory Motifs that are Conserved Across Vertebrates.  

6. Brown Clarke, J. Diversifying Women in STEM Careers. International Women's Forum. 
7. Brown Clarke, J. Women Excelling the Pace of STEM. International Women's Business 

Forum. 
8. Brown Clarke, J. Women Excelling in STEM Careers. Leadership Conference - Adrian 

College. 
9. Brown Clarke, J. Diverse Women Navigating Higher Education. MI American Council 

on Education (ACE) Women of Color Luncheon. 
10. Brown Clarke, J. The Science of Law. Michigan Women's Lawyers Association Annual 

Meeting. 
11. Brown Clarke, J. A Seat At The Virtual Table: Inclusive Practices for Multi-Institutional 

Scientific Teams. STC Directors Meeting. 
12. Brown, M.; Thomas, M. D.; Graves, J. L. Jr. Structural and Functional Characterization 

of the CusS protein mutants associated with a silver resistance in Escherichia coli. ASM - 
North Carolina. 

13. Canino-Koning, R.; Keagy, J.; Ofria, C. Sexual Selection Promotes Ecological Speciation 
in Digital Organisms. 14th European Conference on Artificial Life. 

14. Card, K. J.; Gomez, J.; Lenski, R. The effect of relaxed selection and genetic interactions 
on the evolution of antibiotic resistance. Midwest Ecology and Evolution Conference. 

15. Cheng, B. H. C. Addressing Assurance for Self-Adaptive Systems in the Face of 
Uncertainty. 13th IEEE International Conference on Autonomic Computing (ICAC 
2016). 

16. Cheng, B. H. C. Requirements Engineering for High Assurance Autonomous Systems in 
the Face of Uncertainty: A Multidisciplinary Perspective. 25th Anniversary IEEE 
International Requirements Engineering Conference. 

17. Cheng, B. H. C. Goal-Driven Approach to MDE-Based Research: Sharing some 
highlights and lessons. IEEE International Conference on Model-Driven Engineering 
Systems and Languages (MODELS). 

18. Cheng, B. H. C. Dealing with Uncertainty for High-Assurance Self-Adaptive Systems. 
IEEE International Conference on Software Testing, Verification and Validation (ICST). 

19. Coon, K. L. Bacteria-mediated hypoxia functions as an essential signal for mosquito 
development. Entomological Society of America Annual Meeting. 

20. Cummings, M. The Interplay of cooperation and conflict on cognition. Behavior 
Meetings (European). 
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21. Cummings, M. Identifying cognitive-behavioral profiles that vary by mating system in 
poeciliid fishes. German Ethological Society Meetings. 

22. Doore, S.; Schrad, J.; Dover, J.; Parent, K. The isolation of Shigella phages from central 
Michigan. Phage/Virus Assembly. 

23. Dufour, Y. S. Phenotypic diversity in bacterial populations. EEBB Research Symposium. 
24. Dufour, Y. S. Phenotypic diversity in bacterial populations. MidQBio. 
25. Dufour, Y. S.; Lee, J.; Kim, H. -S.; Waters, C. Control of phenotypic diversity in Vibrio 

cholerae. Midwest Microbial Pathogenesis Conference. 
26. Dunham, M. Using evolution to stop evolution: attempts to avert biofilm evolution in 

yeast. Eukaryotic Pathogenesis Investigator Club (EPIC) Conference. 
27. Eisthen, H. Tetrodotoxin: Beyond Survival to Sex and Symbiosis. Gordon Research 

Conference in Neuroethology. 
28. Ellington, A. Nanotechnology Conference Talk. FNANO 
29. Farrell-Cole, P. L.; Amey, M.; Gardner, A. BEACON Organization Effectiveness and 

Impact Evaluation: 2010-2017. NSF STC Evaluators' Meeting. 
30. Fodor, A. C. A.; Swalla, B. J. A Tail of Two Ascidians: Discovering the changes in gene 

regulatory networks responsible for notochord loss in Molgulid Ascidians. University of 
Washington Graduate Student Symposium. 

31. Friel, C.; Friesen, M. Resource trade in the legume-rhizobia symbiosis. Cluster of 
Excellence on Plant Science Summer School. 

32. Friel, C.; Friesen, M. Coexistence and rhizobial effectiveness in Trifolium species. 
International Conference on Nitrogen Fixation. 

33. Friel, C.; Friesen, M. Coexistence and rhizobial effectiveness in Trifolium species. 
International Congress on Legume Genetics and Genomics. 

34. Gering, E. Evidence of Adaptation in feral Gallus gallus genomes. Plant and Animal 
Genomes Conference. 

35. Gering, E. Ecology and evolution of Kauai's feral Gallus gallus. Poultry Science 
Association. 

36. Goodman, E. D. Industry-sponsored research in EC. GECCO 2017. 
37. Graves, J. L. Jr. Race, Genomics, and IQ. A lecture in Response to Charles R. Murray 

(author of The Bell Curve). 
38. Graves, J. L. Jr. Experimental evolution of iron resistance in Escherichia coli: Too much 

of a good thing can kill you. American Society of Microbiology. 
39. Graves, J. L. Jr. The True Impact of Implicit Bias on Health and Wellness in America.  
40. Graves, J. L. Jr. Keynote Speaker for Triangle SciTech Expo, Race: Are We So Different. 

Triangle SciTech Expo. 
41. Hagey, T. Convergence in Lizard Adhesive Toe Pad Shape. Evolution. 
42. Hagey, T. Convergence in Lizard Adhesive Toe Pad Shape. Joint meeting of 

Ichthyologists and Herpetologists. 
43. Hagey, T. Evolution and Mechanics of the Lizard Adhesive System. MSU Ecology, 

Evolutionary Biology, and Behavior Symposium. 
44. Hagey, T. Broader Impact Partnerships at the BEACON Center for Evolution in Action. 

National Alliance of Broader Impacts Summit. 
45. Hagey, T. Convergence in Gecko Toe Pad Shape. Society of Integrative and Comparative 

Biology. 
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46. Hagey, T.; Warwick, A.; Mead, L. S. A Classroom Activity Simulating Population-Level 
Evolution by Hand. Society for the Advancement of Biology Education Research. 

47. Hammerling, M.; Ellefson, J.; Boutz, D. R.; Ellington, E. D.; Barrick, J. E. Exploring the 
biological implications of expanded genetic codes via experimental evolution of 
bacteriophage T7. Molecular Genetics of Bacteria and Phages Meeting. 

48. Heil, C.; Dunham, M. Brrr and Beer: Cold adaptation in hybrid yeast. Evolution. 
49. Hofmann, H. A. Neuroscience School of Advanced Studies: Neuroscience of Moral 

Cognition. 
50. Hofmann, H. A. Keynote: Workshop on Sex-Role Evolution: Integrating Neural, 

Behavioural, and Phylogenetic Approaches.  
51. Hofmann, H. A.; Young, R. Complex Homology and the Neuromolecular Evolution of 

Social Behavior.  
52. Jack, C. The Medicago polymorpha-rhizobia mutualism affects herbivores interactions. 

Evolution. 
53. Jordt, H.; Estrela, S.; Top, E. M.; Loftie-Eaton, W.; Kerr, B. Use it AND lose it: 

Alternating selection to resolve the plasmid paradox. Gordon Research Conference on 
Microbial Population Biology. 

54. Kohn, C. B.; Mead, L. S. Introductory biology for non-biology stem majors: A reflection 
on IBIO150â€™s first academic year. HHMI LEVERS Gateway Summit. 

55. Lalajini, A. M.; Wiser, M.; Ofria, C. Gene Duplications Drive the Evolution of Complex 
Traits and Regulation. 14th European Conference on Artificial Life. 

56. Laubach, Z.; Faulk, C.; Dolinoy, D.; Greenberg, J.; Montrose, L.; Holekamp, K. E. 
Associations of early-life social experience with DNA methylation in free-living spotted 
hyenas. The United States Society for Developmental Origins of Health and Disease. 

57. Lenski, R. Experimental Evolution: Evolution in Action with Bacteria and Avida. Active 
LENS Train-the-Trainers Workshop. 

58. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 
European Molecular Biology Organization. 

59. Lenski, R. Experimental Evolution and the Dynamics of Adaptation and Genomic 
Evolution in Microbial Populations. From pathogen evolution to microbiome dynamics. 

60. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 
International Symposium on Lactic Acid Bacteria. 

61. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 
Kavli Institute for Theoretical Physics Conference on Eco-Evolutionary Dynamics in 
Nature and the Lab. 

62. Lenski, R. Back to the Freezer: Assorted Experiments, Old and New. Kavli Institute for 
Theoretical Physics Conference on Eco-Evolutionary Dynamics in Nature and the Lab. 

63. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 
Midwest Population Genetics Meeting. 

64. Li, X.; Miikkulainen, R. Evolving Adaptive Poker Players for Effective Opponent 
Exploitation. AAAI Workshop on Computational Poker. 

65. Mcleskey, C.; Berling, E.; Pennock, R. T. Reviewing the Responsible Conduct of 
Research Literature from a Scientific Virtue Perspective. 5th World Conference on 
Research Integrity. 
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66. McMasters, N.; Graves, J. L. Jr.; Thomas, M. D. Characterization of a Silver Resistance 
Mechanism in Escherichia coli by analysis of the CusR protein: Part of a Silver Sensing 
Two-Component Response System. ASM – NC. 

67. Mead, L. S.; Warwick, A.; Kjelvik, M.; Schultheis, E. H. Using Authentic Scientific Data 
to Improve Quantitative Reasoning in Ecology and Evolutionary Biology. Ecological 
Society of America. 

68. Meyerson, E.; Miikkulainen, R. Discovering Evolutionary Stepping Stones through 
Behavior Domination. GECCO. 

69. Miikkulainen, R. Tutorial on Neuroevolution Reinforcement Learning. AAAI. 
70. Miikkulainen, R. Tutorial on Evolving Neural Networks. ECAL. 
71. Miikkulainen, R. Tutorial on Evolving Neural Networks. GECCO. 
72. Miikkulainen, R. Conversion Rate Optimization through Evolutionary Computation. 

GECCO. 
73. Miikkulainen, R. Conversion Rate Optimization through Evolutionary Computation. 

Human-Competitive Results Competition, GECCO. 
74. Miikkulainen, R. Evolution of Neural Networks. IEEE MetroCon. 
75. Miikkulainen, R. Scaling Up Deep Learning through Neuroevolution. NIPS. 
76. Miikkulainen, R. Constructing Intelligent Agents through Neuroevolution. IEEE CIS 

Distinguished Lecture. 
77. Miikkulainen, R.; Alexander Braylan. Object-Model Transfer in the General Video Game 

Domain. AIIDE. 
78. Ofria, C.; Dolson, E. L. An Introduction to the Empirical Library for Developing 

Scientific Software for the Web. 2017 European Conference on Artificial Life. 
79. Ofria, C.; Dolson, E. L.; Banzhaf, W. Using Ecological Principles in Genetic 

Programming. Genetic Programming in Theory and Practice. 
80. Pennock, R. T. The Scientific Virtues: Results of an Interdisciplinary Study. 5th World 

Conference on Research Integrity. 
81. Pennock, R. T. Curiosity and the Moral Character of Science. Vassar Undergraduate 

Research Summer Institute (URSI) Conference. 
82. Pontes, A. ELFA, a New Platform for the Digital Evolution of Gene Regulatory 

Networks. 2017 ASBMB Symposium: Evolution and Core Processes in Gene Expression. 
83. Pontes, A.; Whalen, I.; Mitchell, A.; Mobley, R.; Dyer, F.; Ofria, C. Investigations into 

the Evolutionary Origin of Navigation and Learning. ECAL 2017. 
84. Rojas, C. A.; Theis, K. R.; Holekamp, K. E. Age, social group, and body-site related 

variation in spotted hyena microbiota. 54th Annual Conference of the Animal Behavior 
Society. 

85. Rojas, C. A.; Theis, K. R.; Holekamp, K. E. Structure, Function, and Diversity of the 
Hyena Microbiome. MSU EEBB 1st Annual Research Symposium. 

86. Schultheis, E. H.; Kjelvik, M.; Mead, L. S. Data Nuggets: Bringing authentic research 
and data in the classroom to unearth students’ quantitative and inquiry skill. National 
Academies/QUBES/BioQuest Summer Institute on Quantitative Biology. 

87. Servetnick, M. Cas9-mediated excision of brachyury in Nematostella vectensis disrupts 
development of the pharynx, organization of endoderm, and patterning of the oral-aboral 
axis. Society for Integrative and Comparative Biology. 

88. Smith, T. E. Direct access to chemical diversity from the uncultivated symbionts of small 
marine animals. GRC Animal-Microbe Symbiosis. 
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89. Strauss, E.; Holekamp, K. E. Social rank reversals in a long-term study of spotted hyenas. 
Animal Behavior Society. 

90. Top, E. M. Effects of biofilm growth on the evolution of plasmid persistence in 
Acinetobacter baumannii. ASM Microbe 2017, Plenary session Evolution battles 
between microbes and their hosts. 

91. Top, E. M. Biofilm growth affects the evolution of plasmid persistence. ECCMID 
(European Congress of Clinical Microbiology and Infectious Diseases. 

92. Top, E. M.; Kerr, B.; Loftie-Eaton, W.; Estrela, S.; Jordt, H. Use it AND lose it: 
Alternating selection to resolve the plasmid paradox. Cell and Molecular Biology 
Training Grant Retreat. 

93. Tutum, C. C.; Vouga, E.; Miikkulainen, R. Evolutionary Decomposition for 3D Printing. 
GECCO. 

94. Wallace, K.; Cummings, M. Investigating individual variation in cognition and behavior 
in Gambusia affinis. 7th meeting of Poeciliid Biologists. 

95. Waters, C. Membrane remodeling in Vibrio cholerae El Tor by a cyclic GMP-AMP 
signaling system located on a genomic island. Molecular Genetics and Phage Meeting. 

96. Whittaker, D. J.; Rosvall, K. A.; Slowinski, S.; Soini, H. A.; Novotny, M. V.; Ketterson, 
E. D. Songbird chemical signals reflect uropygial gland androgen sensitivity  
and predict aggressive behavior. Animal Behavior Society. 

97. Wiser, M.; Dolson, E. L.; Ofria, C. The Effect of Evolution and Spatial Structure on 
Diversity in Biological Reserves. Evolution. 

98. Wiser, M.; Kohn, C. B.; Mead, L. S.; Smith, J. J.; Pennock, R. T. Comparing Human and 
Machine Learning Assessment of Student Reasoning about Natural Selection. SABER. 

99. Wylie, D.; Hofmann, H. A.; Zemelman, B. V. Discovering Gene Expression Regulatory 
Motifs And Domains By Suffix Array Kernel Smoothing (SArKS).  

100. Young, R.; Hofmann, H. A. Transcriptomic Architecture Influences Phenotypic 
Diversification across Vertebrates.  

101. Young, R.; Hofmann, H. A. Variation in transcriptomic conservation through 
embryogenesis.  

 

 Posters 
1. Blount, Z. D.; Weatherspoon, K.; Rowles, M.; Sommerfeld, B. A.; Turner, C.; Lenski, R. 

Learning to Walk and Chew Gum at the Same Time: The Complexities of Incipient 
Speciation by a Citrate-Using Lineage of E. coli. Gordon Research Conference in 
Microbial Population Biology. 

2. Blount, Z. D.; Weatherspoon, K.; Rowles, M.; Sommerfeld, B. A.; Wright, J.; Turner, C.; 
Lenski, R. Adaptation to Discovered and Self-Constructed Niches during Incipient 
speciation in an Experimental Population of E. coli. Evolution 2017. 

3. Bruger, E.; Chubiz, L. M.; Marx, C. J. Epistatic interactions and impacts on adaptive 
trajectories in alternative redundant methylotrophic pathways of Methylobacterium 
extorquens. Microbial Population Biology Gordon Research Seminar. 

4. Burmeister, A.; Schossau, J.; Turner, P. E. Evolution of phage-mediated transfer of 
antibiotic resistance genes. Gordon Research Conference on Microbial Population 
Biology. 

5. Card, K. J.; Gomez, J.; LaBar, T.; Lenski, R. The evolution of antibiotic resistance in a 
long-term experiment with Escherichia coli. 2017 Gilliam Annual Fellowship Meeting 
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6. Conlin, P.; Reed, S.; Marcus, J.; Ratcliff, W.; Kerr, B. Experimental evolution of 
adaptive phenotypic plasticity in temporally varying environments. Gordon Research 
Conference, Microbial Population Biology. 

7. de Lima, J. Contextual Influences on Student Reasoning about Natural Selection. Gordon 
Research Conference on Undergraduate Biology Education Research. 

8. Doore, S.; Schrad, J.; Dover, J.; Parent, K. The isolation of Enterobacteria-infecting 
phages from Michigan water sources. Virus Evolution Workshop. 

9. Dufour, Y. S.; Franklin, J.; Towery, K. Correlation between number of flagella and 
swimming behavior. Midwest Microbial Pathogenesis Conference. 

10. Dufour, Y. S.; Lee, J.; Kim, H. -S. Phenotypic diversity in Vibrio cholerae. BLASTXIV. 
11. Dufour, Y. S.; Lee, J.; Kim, H. -S.; Waters, C. Control of phenotypic switching by c-di-

GMP in Vibrio cholerae. Midwest Microbial Pathogenesis Conference. 
12. Dufour, Y. S.; Nguyen, N. Bacterial flagellar motility in mucus. BLASTXIV. 
13. Dufour, Y. S.; Nguyen, N. Bacterial motility in mucus. Midwest Microbial Pathogenesis 

Conference. 
14. Ellington, A. Sample-to-answer point-of-care diagnostics using strand exchange signal 

processors. DNA 23. 
15. Fodor, A. C. A.; Swalla, B. J. SHARK may cause tail loss in the ascidian Molgula 

occulta. Northwest Developmental Biology. 
16. Fodor, A. C. A.; Swalla, B. J. VASA Expression Shows Unusual Variation in the Tailless 

Ascidian Molgula occulta. Society for Integrative and Comparative Biology. 
17. Gonzalez, A.; DeAguero, A.; Van Leuven, J. T.; Miura, T. A.; Parent, C. Transcriptomics 

of the early stage of viral co-infection in Drosophila melanogaster. Gordon Research 
Conference, Microbial Population Biology. 

18. Jack, C. Educational Gaming As A Tool To Teach Evolution. Evolution. 
19. Jordt, H.; Loftie-Eaton, W.; Estrela, S.; Top, E. M.; Kerr, B. Use it AND lose it: 

Alternating selection to resolve the plasmid paradox. Gordon Research Conference on 
Microbial Population Biology. 

20. Kjelvik, M.; Schultheis, E. H. Increase your broader impacts and student quantitative 
reasoning with Data Nuggets. ESA. 

21. LaBar, T.; Adami, C. The Interplay between Adaptive and Neutral Evolution Drives 
Genetic Rewiring in Digital Organisms. Gordon Conference on Molecular Mechanisms 
in Evolution. 

22. LaBar, T.; Adami, C. The Interplay between Adaptive and Neutral Evolution Drives 
Genetic Rewiring in Digital Organisms. Gordon Research Conference on Microbial 
Population Biology. 

23. LaBar, T.; Adami, C. Adaptation in small populations leads to the evolution of drift 
robustness and a reduced drift load. Society for Molecular Biology and Evolution 2017. 

24. Manns, P.; Thomas, M. D.; Graves, J. L. Jr. Structural and Functional Characterization of 
the CusS Proteins Associated With A Silver Resistant Phenotype in Escherichia coli. 
NCAT Undergraduate Research Symposium. 

25. Moore, A.; Thomas, M. D.; Graves, J. L. Jr. The evolution of resistance to essential 
metals: Analysis of differential gene expression in Escherichia coli strains exposed to 
iron sulfate. American Society for Microbiology - North Carolina. 

26. Mukerji, J.; Dickinson, K.; Conlin, P.; Jordt, H.; Kerr, B.; Freeman, S. Developing a 
Course-Based Undergraduate Research Experience in Introductory Biology to Enhance 
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Retention and Broaden Participation in STEM. Society for the Advancement of Biology 
Education Research (SABER). 

27. Phillips, J. G.; Boughman, J. Evolution of Sensory Systems across Novel Environments. 
Michigan Regional Postdoctoral Symposium 2017. 

28. Pontes, A. ELFA, a New Platform for the Digital Evolution of Gene Regulatory 
Networks. 2017 International Choanoflagellate Workshop. 

29. Pontes, A. ELFA, a New Platform for the Digital Evolution of Gene Regulatory 
Networks. SMBE 2017. 

30. Solomon-Lane, T.; Butler, B.; Usmani, H.; Hofmann, H. A. Development illuminates 
variation in behavior and neuroendocrine function. Society for Behavioral 
Neuroendocrinology. 

31. Solomon-Lane, T.; Hagey, T.; Warwick, A.; Hofmann, H. A. Using evidence to broaden 
participation and the scope of public engagement. Society for Behavioral 
Neuroendocrinology. 

32. Thomas, M. D.; Graves, J. L. Jr. Characterization of cusS Mutations Associated with 
Silver Resistant Escherichia coli. American Society for Microbiology. 

33. Vaelli, P. M.; Theis, K. R.; Foster, J. A.; Eisthen, H. Symbiotic bacteria underlie toxin 
production and voltage-gated sodium channel evolution in the rough-skinned newt 
(Taricha granulosa). Gordon Research Conference in Neuroethology. 

34. van Raay, K.; Zaman, L.; Connelly, B.; Glenney, C.; Marx, C. J.; Lenski, R.; Kerr, B. 
Reversing rate-adaptation with water-in-oil emulsions. Gordon Research Conference on 
Microbial Population Biology. 

35. Whittaker, D. J.; Slowinski, S.; Alian, O. M.; Winters, A. D.; Ketterson, E. D.; Theis, K. 
R. Can symbiotic bacteria influence mate choice in a vertebrate? International 
Conference on Holobionts. 

36. Williams, D.; Graves, J. L. Jr.; Thomas, M. D. The Evolution of Escherichia coli K-12 
MG1655 under Microgravity and Colloidal Silver. ASM – NC. 

37. Wingate, T.; Graves, J. L. Jr.; Thomas, M. D. Characterization of CusS Protein Variants 
Associated with Silver Resistance in Escherichia coli. ASM – NC. 

38. Wingate, T.; Thomas, M. D.; Graves, J. L. Jr. Expression, Purification, and Functional 
Characterization of the CusS Protein Variants Associated with a Silver Resistant 
Phenotype in Escherichia coli. NCAT Undergraduate Research Symposium. 

39. Wiser, M.; Kohn, C. B.; Mead, L. S.; Smith, J. J.; Pennock, R. T. Undergraduate Student 
Conceptions About Randomness and Mutation. Evolution. 

40. Wiser, M.; Kohn, C. B.; Mead, L. S.; Smith, J. J.; Pennock, R. T. Undergraduate Student 
Conceptions About Randomness and Mutation. SABER. 

41. Wiser, M.; Lenski, R. Does Repeated Exposure to Short-Term Stationary Phase Preadapt 
E. coli to Long-Term Stationary Phase? Gordon Research Conference Microbial 
Population Biology. 

42. Young, A.; Dyer, F. To exploit or to explore: adaptive modulation of search in foraging 
bees. Animal Behavior Society. 

43. Zhao, S.; Moran, N. A. Evolution of gene families in aphid-endosymbiont interactions. 
Ecological Immunology Workshop: Insect immunity - genomics, microbiome, 
applications. 
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1c. Other Dissemination Activities 

 
1. Baskett, C. A. Biotic interactions and the latitudinal diversity mystery: a test from 

chemostats to continents. Seminar series. University of California-San Diego. 
2. Blount, Z. D. A Big Ball of Evolvey-Wolvey Stuff: The Interplay of Ecology, 

Physiology, Evolution, Innovation, and Incipient Speciation in an Experimental 
Population of E. coli. Department of Biology Seminar Series. Kenyon College. 

3. Brown Clarke, J. Getting the Mentoring You Need. Graduate Students Professional 
Development Conference. Kellogg Center, Esat Lansing MI. 

4. Brown Clarke, J. Diversity of Careers. Software Carpentry. New Orleans, LA. 
5. Card, K. J. The evolutionary potential for antibiotic resistance. Department of 

Microbiology & Molecular Genetics Work-in-Progress seminar. Michigan State 
University. 

6. Connelly, B. Survival of the Friendliest: The Evolution of Cooperation. Seattle Pacific 
University. Seattle. 

7. Fodor, A. C. A.; Swalla, B. J. A Tail of Two Ascidians: Searching for the mechanisms 
behind tail loss in Molgulid ascidians. Course in Tunicate Taxonomy. Bocas del Toro, 
Panama. 

8. Goodman, E. D. Evolutionary Computation Can Help in Dealing with Big Data in 
Design. Intercollege Graduate Lecture. Tongji University, Jiading Campus, China. 

9. Goodman, E. D. Some Recent Progress in Evolutionary Computation at BEACON 
Center. Graduate Seminar, Electronics Engineering Department. Shantou University, 
Shantou, Guangdong, China.  

10. Goodman, E. D. The BEACON Center, Evolution in Action, and Evolutionary 
Computation. Interdepartmental Undergraduate Lecture. Shantou University, Shantou, 
Guangdong, China. 

11. Goodman, E. D. Some Recent Progress in Evolutionary Computation at BEACON 
Center. Invited talk, South China University of Science and Technology, Guangzhou, 
China. 

12. Goodman, E. D. Evolutionary Computation in Industry and Academia—How They Can 
Help Each Other. Invited talk, 2016 International Symposium on Data Science and 
Industry 4.0, Foshan, Guangdong Province, China. 

13. Goodman, E. D. Research Centers and Engagement/Outreach Units CAN Boost Broader 
Impacts—Theirs & Others’! Invited talk, Assoc. of Public & Land-Grant Universities 
Annual Conference, Austin, Texas. 

14. Grant, N. Elucidating the consequences of relaxed selection on E. coli central metabolic 
plasticity. Department of Microbiology & Molecular Genetics Work-in-Progress seminar. 
Michigan State University. 

15. Graves, J. L. Jr. W(rap) on Race: Where Do We Go From Here. Raleigh Museum of the 
Natural Sciences. 

16. Graves, J. L. Jr. Smashing Agassiz’s Boulder. Harvard University: Anthropology, Human 
Evolutionary Biology, and Peabody Museum of Archaeology & Ethnology. 

17. Hagey, T. The Evolution and Mechanics of the Gecko Adhesive System. UT Austin. 
18. Hagey, T. Evolution and Mechanics of the Gecko Adhesive System. Lansing Biology on 

Tap. 
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19. Hofmann, H. A. Workshop “Data Work.”  
20. Izutsu, M. An Experimental Test of the Roles of Standing Genetic Variation and De 

Novo Mutations on the Rate of Adaptive Evolution. JSPS Overseas Research 
Fellowships, candidate interview. Tokyo, Japan. 

21. Kohn, C. B. Avida-ED Exercise 1-4. Active-LENS Avida-ED Workshop. University of 
Washington. 

22. Kohn, C. B. Avida-ED Exercise 1-4. Active-LENS Avida-ED Workshop. Michigan State 
University. 

23. Lenski, R. Time Travel in Experimental Evolution. El Paraiso Perdido. Club de 
Industriales, Mexico City. 

24. Lenski, R. You gotta know when to hold 'em. University of North Carolina, Chapel Hill. 
25. Lenski, R. Time Travel in Experimental Evolution. McMaster University, Canada. 
26. Lenski, R. Dynamics of Phenotypic and Genomic Evolution in a Long-Term Experiment. 

Universidad Nacional Autonoma de Mexico, Mexico City. 
27. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 

Wageningen University, Netherlands. 
28. Lenski, R. Dynamics of Adaptation and Genome Evolution in a Long-Term Experiment. 

McMaster University, Canada. 
29. Miikkulainen, R. Evolution of Neural Networks. SparkCognition, Inc.  
30. Miikkulainen, R. Evolution of Neural Networks. Information Science Institute, 

University of Southern California. 
31. Ofria, C. Artificial Life and Open-Ended Evolution. Cafe Scientifique. Schuler's Books & 

Music. 
32. Rohrbacher, C. Writing Through STEAM. STEM Early College. Smith Hall. 
33. Stenkamp, D. The zebrafish as a model organism for vision sciences. Tianjin Medical 

University Eye Institute seminar, CME credit. 
34. Top, E. M. Compensatory mutations improve general permissiveness to antibiotic 

resistance plasmids. Division of Biology Departmental Seminar Series. Kansas State 
University. 

35. Waters, C. Bacterial Cyclic Di-Nucleotides: From Biofilms to Immune Modulation. 
University of Michigan, Department of Biochemistry. 

36. Waters, C. Cyclic di-nucleotide signaling in Vibrio cholerae. Dartmouth University. 
37. Waters, C. Cyclic di-GMP: A global regulator in bacteria that is also a potent immune 

adjuvant for cancer therapy. Tufts University. 
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2. Awards and Honors 
 

 Recipient Award Name and Sponsor Date Award Type 
1 Adami, Chris Fellow of the American Physical Society 2017 Scientific 
2 Brown Clarke, Judi 2017 Sequoyah Fellow - Lifetime 

Membership, American Indian Science & 
Engineering Society (AISES) 

2017 Education-
Related 

3 Brown Clarke, Judi Sustained Effort Toward Excellence in 
Diversity, MIchigan State University 

2017 Education-
Related 

4 Burmeister, Alita; Smith, 
James J. 

Journal of Microbiology and Biology 
Education Spotlight Article 

2017 Education-
Related 

5 Card, Kyle Joseph Howard Hughes Medical Institute (HHMI) 
Gilliam Fellowship 

2017 Fellowship 

6 Card, Kyle Joseph Rudolf Hugh Scholarship Award, MSU 
Department of Microbiology & Molecular 
Genetics 

2017 Scientific 

7 Conlin, Peter NASA Postdoctoral Program Fellowship 2017 Fellowship 
8 Deller, Jack R., Jr. Institute of Electrical & Electronics 

Engineers Life Fellow 
2017 Scientific 

9 Fodor, Alexander; 
Swalla, Billie 

Friday Harbor Labs award 2017 Scientific 

10 Fodor, Alexander; 
Swalla, Billie 

Mary Gates Endowment 2017 Scientific 

11 Foster, James Arthur  Lifetime acheivement for the promotion of 
evolutionary computation in Europe, Society 
for the promotion of evolutionary 
computation in Europe 

2017 Scientific 

12 Grant, Nkrumah  Rudolf Hugh Scholarship Award, MSU 
Department of Microbiology & Molecular 
Genetics 

2017 Scientific 

13 Graves, Joseph L., Jr. Top 90 Cited Papers, Physiological and 
Biochemical Zoology 

2017 Scientific 

14 Hofmann, Hans A.  John Burroughs Distinguished Lecturer 2017 Scientific 
15 Holekamp, Kay A. Graduate School Outstanding Faculty 

Mentor Award (Inaugural), Michigan State 
University 

2017 Education-
Related 

16 LaBar, Thomas SMBE 2017 Registration Award 2017 Scientific 
17 Lalejini, Alexander  NSF Graduate Research Fellowship 2017 Fellowship 
18 Lehmann, Kenna American Society o Mammalogists Grant-in-

Aid of Research 
2017 Scientific 

19 Lehmann, Kenna EEBB Summer Fellowship 2016 Fellowship 
20 Lehmann, Kenna MSU CNS Dissertation Continuation 

Fellowship 
2017 Fellowship 

21 Lenski, Richard Doctoral Hooding Ceremony Speaker, 
University of North Carolina 

2017 Scientific 

22 Lenski, Richard Elected Associate Member of the European 
Society for Molecular Biology 

2017 Scientific 

23 Lenski, Richard Friend of Darwin Award, National Center for 
Science Education 

2017 Scientific 

24 Lenski, Richard MSU Outstanding Supervisor Award 2017 Education-
Related 

25 Lloyd, John Bessey Award for Outstanding Graduate 
Research 

2017 Scientific 
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26 Miikkulainen, Risto  Bronze Medal, Human Competitive Results 
Competition, GECCO 

2017 Scientific 

27 Miikkulainen, Risto  Gabor Award, International Neural Network 
Society 

2017 Scientific 

28 Miikkulainen, Risto  Outstanding Paper of the Decade (2002-
2012), International Society for Artificial 
Life 

2017 Scientific 

29 Miikkulainen, Risto; 
Tutum, Cem C.; Vouga, 
Etienne  

Best-Paper Award in the Real-World 
Applications track, GECCO 

2017 Scientific 

30 Ofria, Charles Beal Distinguished Faculty Award, Michigan 
State University 

2017 Scientific 

31 Panchy, Nick Genetics Outstanding Graduate Student 
Award 

2017 Scientific 

32 Panchy, Nick NSF National Institute for Mathematical and 
Biological Synthesis postdoctoral fellowship 

2017 Fellowship 

33 Pennock, Robert T, et al. International Society for Artificial Life 
Education and Outreach Award 

2017 Education-
Related 

34 Rojas, Connie A. AGEP Scholar Award, MSU Alliances for 
Graduate Education and the Professoriate 

2017 Education-
Related 

35 Rojas, Connie A. American Society of Mammologists-Grants 
in Aid of Research 

2017 Scientific 

36 Rojas, Connie A. Animal Behavior Society Diversity Travel 
Award 

2017 Scientific 

37 Rojas, Connie A. COGS Conference Award, MSU Council of 
Graduate Students 

2017 Fellowship 

38 Rojas, Connie A. COGS Disciplinary Leadership Award 2017 Other 
39 Rojas, Connie A. Hispanic Scholarship Fund Scholarship 2016 Fellowship 
40 Rojas, Connie A. MSU College of Natural Science Tracy A 

Hammer Award for Professional 
Development 

2027 Fellowship 

41 Rojas, Connie A. NSF Graduate Research Fellowship 2017 Fellowship 
42 Rojas, Connie A. Research Enhancement Award, MSU 

Graduate School 
2016 Fellowship 

43 Turner, Julie MSU Excellence-in-Teaching Citation 2017 Education-
Related 

 
 

3. Undergraduate, M.S. and Ph.D. students who graduated during the 
reporting period 

 
 Student Name Degree Years to 

Degree 
Placement 

1 Inmani Sharpe M.S. 2 PhD Student, North Carolina A&T 
2 Samantha Whitaker M.S. 3 High school Science teacher 
3 Sade Wilson M.S. 2.5 PhD Student, North Carolina A&T 
4 Amir Alavi Ph.D.  Faculty, University of Missouri 
5 Alita Burmeister Ph.D. 5.5 Postdoc, Yale University 
6 Rayna M Harris Ph.D. 5  
7 John P Lloyd Ph.D. 5  
8 Sean Maguire Ph.D. 7 Postdoc, New England Biolabs 
9 Timothy McGinn Ph.D. 7  
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10 Nick Panchy Ph.D. 6  
11 

Sonia Singhal Ph.D. 6 
SPIRE Postdoctoral Fellowship, UNC 
Chapel Hill 

12 Sahra Uygun Ph.D. 6 Postdoc, Michigan State University 
 
 

4a. General outputs of knowledge transfer activities 
 

 None to report 

 
4b. Other outputs of knowledge transfer activities 

 
 None to report 
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6. Summary listing of all the Center’s research, education, knowledge and 
other institutional partners 

 
 Organization 

Name 
Organization 
Type 

Address Contact 
Name 

Type of 
Partner 

160 
hours/ 
more? 

1 Ford Motor 
Company 

Company   KT N 

2 Metron Company 1818 Library Street, Suite 600 
Reston, VA 20190 

 KT N 

3 Continental 
Automotive GmbH 

Company Vahrenwalder Straße 9 
30165 Hanover 
Germany 

 KT N 
 

4 BAE Systems Company   KT N 
5 General Motors Company PO Box 33170 

Detroit, MI 48232-5170 
 KT N 

6 Dow Chemical 
Company  

Company S Saginaw Rd, Midland, MI 
48640 

 KT N 

7 Secure Designs, 
Inc. 

Company 301 N Elm St #201, 
Greensboro, NC 27401 

 KT N 

8 Siemens Company   KT N 
9 Hyundai MOBIS Company   KT N 
10 Sentient 

Technologies, Inc. 
Company   KT Y 

11 NASA Federal Agency Public Communications Office 
NASA Headquarters 
Suite 5K39 
Washington, DC 20546-000 

 KT N 

12 University of 
Texas Rio Grande 
Valley 

Other 
(Academic) 

1201 West University Dr.  
Edinburg, TX 78539 

Laura 
Grabowski 

Research, 
Education, 
Diversity 

Y 

13 Yale University Other 
(Academic) 

New Haven, CT 06520 Paul Turner Research, 
Education, 
Diversity 

Y 

14 University of 
California, Irvine 

Other 
(Academic) 

Irvine, CA 92697 Adriana 
Briscoe 

Research, 
Education, 
Diversity 

Y 

15 Spelman College  Other 
(Academic) 

 Aditi Pai Research, 
Education, 
Diversity 

Y 

16 SESYNC Other  1 Park Place 
Suite 300 
Annapolis, MD 21401 

Mary 
Shelley 

Research, 
Education 

Y 

17 iPlant Other  Thomas W. Keating Building 
1657 East Helen Street 
Tucson, Az 85721 

Stephen 
Goff 

Research, 
Education 

N 

18 iDigBio Other 105 NW 16th Street 
Gainesville, FL 32611 

 Research, 
Education 

N 

19 National 
Association of 
Biology Teachers 

Other 1313 Dolley Madison Blvd, 
Suite 402, McLean, VA 22101 

 Education N 

20 Data Carpentry Other  Tracy Teal Education Y 
21 Biological Sciences Other   Education Y 
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Curriculum Study 
(BSCS) 

22 Concord 
Consortium 

Other   Education Y 
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7. Summary table 
 

1  The number of participating institutions (all academic institutions that 
participate in activities at the Center)  
This value should match the number of institutions listed in Section I, 
Item 1 of the report plus other additional academic institutions that 
participate in Center activities as listed in the table above.  

9 

2  The number of institutional partners (total number of non-academic 
participants, including industry, states, and other federal agencies, at 
the Center)  
This value should match the number of partners listed in the table in 
Section VIII, Item 6 (above)  

18 

3  The total leveraged support for the current year (sum of funding for 
the Center from all sources other than NSF-STC) [Leveraged funding 
should include both cash and in-kind support that are related to Center 
activities, but not funds awarded to individual PIs.]  
This value should match the total of funds in Section X, Item 4 of 
“Total” minus “NSF-STC” for cash and in-kind support  

$659,194 

4  The number of participants (total number of people who utilize center 
facilities; not just persons directly supported by NSF). Please 
EXCLUDE affiliates (click for definition)  
This value should match the total number of participants listed in 
Section VIII, Item 5 (above)  

315 
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8. Media publicity 
 
Press Releases 
 

• 10/18/17: Death by a thousand cuts? Not for small populations 
http://msutoday.msu.edu/news/2017/death-by-a-thousand-cuts-not-for-small-populations/  

• 10/12/17: An evolving sticky situation http://msutoday.msu.edu/news/2017/an-evolving-
sticky-situation/ 

• 6/8/17: MSU BEACON research fellow receives AAAS Science & Technology Policy 
Fellowship http://msutoday.msu.edu/news/2017/msu-beacon-research-fellow-receives-aaas-
science-technology-policy-fellowship/  

• 3/23/17: MSU lands NIH grant to study connection between fish genes and human medicine 
http://msutoday.msu.edu/news/2017/msu-lands-nih-grant-to-study-connection-between-fish-
genes-and-human-medicine/  

• 2/13/17: MSU's Rich Lenski wins 2017 Friend of Darwin award https://natsci.msu.edu/news-
events/news/2017-02-msus-richard-lenski-wins-2017-friend-of-darwin-award/  

• 1/23/17: 2017 William J. Beal Outstanding Faculty Awards 
http://msutoday.msu.edu/news/2017/2017-william-j-beal-outstanding-faculty-awards/  

• 12/12/16: MSU-led research receives $1.84 million NSF grant 
http://msutoday.msu.edu/news/2016/msu-led-research-receives-184-million-nsf-grant/  

! 12/8/16: Historic $12.7 million gift headed to MSU College of Engineering, BEACON 
http://msutoday.msu.edu/news/2016/historic-127-million-gift-headed-to-msu-college-of-
engineering-beacon-center/  
 
 
Media Coverage 
 

! 10/2/17: WBEZ 91.5 Chicago: Do DNA tests really say who you are? 
https://www.wbez.org/shows/worldview/do-dna-tests-really-say-who-you-are/33278364-
2a04-4939-9dc3-d4f53f7edfe8  

! 9/16/17: Radio New Zealand: Meet the ‘food computer’ 
http://www.radionz.co.nz/national/programmes/thiswayup/audio/201858654/meet-the-food-
computer  

! 9/11/17: This Week in Machine Learning & AI: Interview with Risto Miikkulainen 
https://www.youtube.com/watch?v=WyDMbfCARW8&feature=youtu.be  

! 8/4/17: Tampa Bay Times: Ybor chickens are more than local color, they’re subjects of 
scientific research http://www.tampabay.com/news/humaninterest/ybor-chickens-are-more-
than-local-color-theyre-subjects-of-scientific/2332665  

! 7/6/17: Super Data Science (podcast): Latest developments in the field of AI and how it is 
changing the world https://www.superdatascience.com/sds-067-latest-developments-field-ai-
changing-world/  

! 6/26/17: WRAL, Raleigh, NC - News special: Race: Are we so different? 
http://www.wral.com/race-are-we-so-different-/16786302/  

! 6/7/17: MSU Faculty Voices: Richard Lenski: You gotta know when to hold 'em 
http://msutoday.msu.edu/360/2017/richard-lenski-you-gotta-know-when-to-hold-em/  
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! 6/2/17: MSU Integrative Biology: Frazer Meacham and Tom Getty tackle the big questions 
in life: Sexual selection & parental investment 
https://integrativebiology.natsci.msu.edu/news/frazer-meacham-and-tom-getty-tackle-the-
big-questions-in-life-sexual-selection-parental-investment/  

! 5/10/17: The Conversation: Computers to Humans: Shall we play a game? 
https://theconversation.com/computers-to-humans-shall-we-play-a-game-77383  

! 2/13/17: KTVB: UI students create “evolutionary” video game 
http://www.ktvb.com/news/education/ui-students-create-evolutionary-video-
game/408077559  

! 1/22/17: Zygote Quarterly: Interview with Amir Gandomi 
https://issuu.com/eggermont/docs/zqissue18sp01/76  

! 1/6/17: NPR Science Friday: Slow Science: A look at long-lived experiments 
http://www.sciencefriday.com/segments/slow-science-a-look-at-long-lived-experiments/  

! 12/12/16: WKAR: $10m gift to MSU will fuel genetics effort http://wkar.org/post/10m-gift-
msu-will-fuel-genetics-effort#stream/0  

! 12/8/16: Lansing State Journal: U of M grad gives MSU $10.7 million 
http://www.lansingstatejournal.com/story/news/local/2016/12/08/u-m-grad-gives-msu-107-
million/95135930/  

! 11/30/16: Science Daily: Biologists watch speciation in a laboratory flask 
https://www.sciencedaily.com/releases/2016/11/161129152743.htm  

! 11/28/16: UW Today: Our closest worm kin regrow body parts, raising hopes of regeneration 
in humans http://www.washington.edu/news/2016/11/28/our-closest-worm-kin-regrow-body-
parts-raising-hopes-of-regeneration-in-humans/  

! 11/22/16: Gizmodo: Will human evolution be shaped by climate change? 
http://gizmodo.com/will-human-evolution-be-shaped-by-climate-change-1789223409  

! 11/21/16: National Center for Science Education: On the road again with Darwin 
https://ncse.com/news/2016/11/road-again-with-darwin-0018406  

! 11/15/16: UPI: As video shows, mob mentality a boon to hungry hyenas 
http://www.upi.com/Science_News/2016/11/15/As-video-shows-mob-mentality-a-boon-to-
hungry-hyenas/3211479234587/  

! 11/3/16: Quanta Magazine: A conductor of evolution’s subtle symphony 
https://www.quantamagazine.org/20161103-richard-lenski-interview-evolution/  

! 10/11/16: The Stream: The DNA ancestry craze 
http://www.stream.aljazeera.com/story/201610110031-0025300  
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IX. INDIRECT/OTHER IMPACTS 
 
1. Please describe any international activities in which the Center has engaged. If they are 

described elsewhere in the report, highlight them without going into great detail. 

Africa: BEACON support helps Kay Holekamp and her collaborators train Kenyan graduate 
students, educate Masai women and students in local elementary schools in a rural area in 
southwestern Kenya, and give many talks each year to lay audiences in both the USA and Kenya. 
Holekamp’s graduate students ran an educational booth about hyena research for lay people at 
the Animal Behavior Society 2017 meeting in Toronto, Canada. BEACON also facilitates 
maintenance of the field infrastructure needed to continue Holekamp’s very successful NSF-
funded international REU training program for American undergraduates in Kenya. Current 
BEACON support also facilitates a collaboration that is helping to advance the career of an 
impressive young Ethiopian scientist, Dr. Gidey Yirga. Finally, BEACON support allows 
Holekamp’s group to continue working closely with film and print media in the USA and abroad. 
For example, author Sy Montgomery and photographer Nic Bishop have just finished an 
illustrated book for 5th-8th graders, featuring Dr. Holekamp and her long-term work with spotted 
hyenas entitled "The Hyena Scientist" as part of their Scientists in the Field series. The book is 
already available for early order on Amazon, and will be released on 15 May, 2018. 

Asia: Two faculty members from China (Professor Lihong Xu, Tongji University and Meng 
Yao, East China Normal University) visited BEACON for extended periods in 2016-17, each 
funded primarily by the visitor's host institution or a grant from their government. During the 
reporting period, Prof. Xu's student, Chunteng Bao, spent time as a visiting scholar in BEACON, 
working with Goodman on developing a new non-dominated sorting algorithm (with a paper 
recently accepted) and on a novel multi-objective optimization algorithm employing separate 
diversity and convergence archives. Goodman continued to collaborate with last year’s visitor, 
Leilei Cao, on decomposition-based evolutionary multi-objective algorithms for dynamic 
optimization problems. Work continues with Prof. Xu and his group on the Greenhouse Control 
project. Goodman and Erik Runkle (MSU) and grad student José Llera visited China in 
November, 2016 and Goodman plans to visit again in November, 2017, to continue that 
collaboration with the project’s many members in China. Prof. Xu’s team is working with an 
experimental greenhouse at Tongji University’s Jiading Campus to test control algorithms 
developed by the team. 

To facilitate continuation of the extensive collaboration going on between Goodman and 
Prof. Zhun Fan (Shantou University) and his colleagues in the newly established Guangdong 
Provincial Key Laboratory of Digital Signal and Image Processing of Shantou University, 
BEACON signed a five-year agreement establishing the International Joint Research Center for 
Evolutionary Intelligence and Engineering Applications, dated July 25, 2014. Goodman has 
visited to work with faculty members from Shantou University and Guangzhou University of 
Technology each year since, and will visit again in November, 2017. This joint work has already 
resulted in numerous publications. Prof. Hailin Liu, Guangdong University of Technology, a 
collaborator on the project, was a visiting scholar at BEACON from May, 2015 through June, 
2016, and returned to continue that visit in October, 2016. 

Europe: Lenski continues to collaborate with researchers in Grenoble and Paris, France, to 
characterize genetic changes in the long-term evolution experiment with E. coli. This 
collaboration led to a paper analyzing changes in the genomic features of bacteria that evolved 
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hypermutability (Couce et al, PNAS, in press). Lenski was also recently elected as an associate 
(i.e., foreign) member of EMBO, the European Society for Molecular Biology, and he will speak 
at their annual meeting in October, 2017. 

James Foster, BEACON’s Lead at the University of Idaho, has represented BEACON at 
EvoStar each year. This year, Erik Goodman also introduced a BEACON table at the conference. 
EvoStar is a consortium of conferences on evolutionary computation and the prime venue for 
European EC research. Foster is on the executive committee for EuroGP, and was the chair of 
the Executive Committee for EvoBio—two of those conferences. In 2017, James Foster was 
given the EvoStar Award for Outstanding Contributions to Evolutionary Computation in 
Europe—highly remarkable, since he is not a European, but rather an American.  

Ongoing work on using multi-objective evolutionary optimization for solution of land use 
problems is continuing, with Jonas Schwaab having worked at BEACON as a visiting scholar 
from ETH Zürich from October, 2015 through August, 2016. In 2017, his BEACON 
collaborators, Erik Goodman and Kalyanmoy Deb, met in Berlin with Schwaab and his faculty 
supervisors: Adrienne Gret-Regamey from ETH Zurich and Sven Lautenbach from the 
University of Bonn. They plan continue to collaborate with Deb and Goodman and their graduate 
student Amin Khiali-Miab, on this work. The first conference publication was done at GECCO 
2017 and two journal publications have already been accepted, with others planned for the near 
future.  

Kalyanmoy Deb is also working with international collaborators in Denmark for the project 
“IN SPE: Innovation consortium for sustainable performance in electronics,” funded by the 
Danish Agency for Science, Technology and Innovation, and described in the Knowledge 
Transfer section of this report. Deb is also working with Sweden (University of Skovde and 
Volvo Car Company, Skovde) on improving the assembly line of a production system using 
multi-criterion optimization. A group of six researchers visited Deb at MSU for one week in 
December 2016 to discuss the research activities. 

North America: Deb and Goodman also collaborated with a visiting faculty member on 
sabbatical from CINVESTAV (Mexico City), Prof. Gregorio Toscano, on techniques for 
visualization of results from many-objective optimization. A review paper surveying existing 
techniques has been prepared for publication, and work continues on papers describing new 
methods jointly developed during Toscano’s visit. 

Shahryar Rahnamayan (University of Ontario Institute of Technology, Canada) visited MSU 
on a grant from his own university to work with Deb on evolutionary dynamic optimization, 
parallel evolutionary methods, visualization and opposition-based optimization methods, from 
August 2014 to July 2016. Goodman served as an external Ph.D. examiner for one of 
Rahnamayan’s students in 2017. 

 
 
2. Please use this space to describe other goals, impacts, or influences related to the Center’s 

progress and achievement during the current reporting period that may not have been captured in 
another section of the report. (optional)




