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I. GENERAL INFORMATION 
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Phone Number 517-884-2555 
Fax Number 517-353-7248 
Center Director email ofria@msu.edu  
Center URL http://www.beacon-center.org 
 
Participating Institutions 
 
Institution 1 Name North Carolina A&T State University 
Contact Person Joseph L. Graves, Jr. 
Address Joint School of Nanoscience and Nanoengineering 
 2907 East Gate City Blvd. 
 Greensboro, NC, 27401 
Phone Number (336) 285-2858 
Fax Number (336) 500-0115 
Email Address gravesjl@ncat.edu 
Role of Institution at Center Member Institution 
 
Institution 2 Name University of Idaho 
Contact Person James Foster 
Address Department of Biological Sciences 
 Moscow, ID 83844-3051 
Phone Number (208) 885-7062 
Fax Number (208) 885-7905 
Email Address foster@uidaho.edu 
Role of Institution at Center Member Institution 
 
Institution 3 Name The University of Texas at Austin 
Contact Person Risto Miikkulainen 
Address Department of Computer Sciences 
 1 University Station D9500 
 Austin TX 78712-0233 
Phone Number (512) 471-9571 
Fax Number (512) 471-8885 
Email Address risto@cs.utexas.edu 
Role of Institution at Center Member Institution 
 
Institution 4 Name University of Washington 
Contact Person Benjamin Kerr 
Address Department of Biology 
 Box 351800 
 Seattle, WA 98195 
Phone Number (206) 221-3996 
Fax Number  
Email Address kerrb@u.washington.edu 
Role of Institution at Center Member Institution 
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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 have been reframing public perceptions of 
evolution and increasing understanding of scientific methods. At the same time, we have 
produced 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. 
Because we are breaking these disciplinary barriers, the powerful collaborations that resulted 
will long outlast the Center, leading to generations of thriving researchers proficient at the 
intersection of biological and computational evolution. We hope to reinforce and promote this 
intellectual legacy by developing an open professional research and education conference, based 
on the model set by the Center’s annual BEACON Congress. 

 
BEACON Legacy 

Now that BEACON is in its no-cost-extension period of STC funding, we have focused more 
on documenting our successes and creating products with an eye towards stimulating and 
enabling future progress in interdisciplinary research on evolution in action. 

Wolfgang Banzhaf (MSU) led an effort to put together an edited volume in honor of former 
BEACON Director Erik Goodman: Evolution in Action - Past, Present and Future: A Festschrift 
for Erik Goodman. This volume grew out of a symposium held at the 2018 BEACON Congress 
for Goodman's 75th birthday, which featured a range of talks from both BEACONites and 
invited speakers on evolution in action, as well as on the origin and success of the BEACON 
Center itself. This edited research monograph brings together contributions from computer 
scientists, biologists, and engineers who are engaged with the study of evolution and how it may 
be applied to solve real-world problems. The contributing authors are leading experts associated 
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with the center, and they serve in top research and industrial establishments across the US and 
worldwide. Part I summarizes the history of the BEACON Center, with refreshingly personal 
chapters that describe Dr. Goodman’s working and leadership style, and others that discuss the 
development and successes of the center in the context of research funding, projects, and careers. 
The chapters in Part II deal with the evolution of genomes and evolvability. The contributions in 
Part III discuss the evolution of behavior and intelligence. Those in Part IV concentrate on the 
evolution of communities and collective dynamics. The chapters in Part V discuss selected 
evolutionary computing applications in domains such as arts and science, automated program 
repair, cybersecurity, mechatronics, and genomic prediction. Part VI deals with evolution in the 
classroom, using creativity in research, and responsible conduct in research training. The book 
concludes with a special chapter from Erik Goodman, a short biography that concentrates on his 
personal positive influences and experiences throughout his long career in academia and 
industry. The volume was published by Springer in the summer of 2020 and is available online 
and in print. 

We held our eleventh BEACON Congress in August 2021. As in 2020, we held this 
Congress virtually, using a combination of online platforms (Zoom, Gather.town, and Slack. We 
featured a diverse panel of keynote speakers (3/3 are women, 2/3 are Black): Dr. Jeannette 
Abrams McLean, Dr. Betul Kaçar, and Dr. Lana Sinapayen. In addition to contributed talks in all 
areas of BEACON research, we also featured several special sessions, most run by graduate 
students and postdocs: “Quantifying learning in the light of evolution: quantifying evolution in 
the light of learning,” “Loci of Control: Concepts of genetic complexity as a means of societal 
oppression,” “Citable and web-enabled supplemental material,” “Sandbox: Building a Research 
Community for Long-Term LTEE Collaborations,” “Sandbox: Teaching experimental 
evolution,” and a session featuring the work of participants from this summer’s Workshop for 
Avida-ED Software Development (WAVES). This year, we also asked our members to invite 
their present (and future) collaborators in the field of evolution in action, and got an 
overwhelmingly positive response. We had about 175 registrants – 125 from within BEACON, 
and 50 from outside of BEACON.. We are planning to continue holding BEACON Congress as 
an annual or biennial conference that is open to any evolution-in-action researchers, including 
those from institutions beyond BEACON. Although face-to-face interaction is preferable, the 
success of the 2020 and 2021 virtual Congresses suggests a less expensive and more accessible 
option moving forward.    

Perhaps the most important legacy that BEACON will leave is our impact on the people who 
have participated in BEACON work and, in turn, their impact on future generations of scientists. 
Each year since its inception, BEACON 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 BEACON's final year of STC 
funding, the team focused on learning what aspects of BEACON's strategies have been most 
successful in promoting multidisciplinary research, increasing diversity in science, and helping 
alumni further their careers. Farrell-Cole and Amey are now collaborating with Judi Brown 
Clarke to produce a toolkit publication documenting BEACON’s strategies and successes in 
increasing and supporting diversity. 
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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; 
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 

Nearly 350 projects 
supported by BEACON STC 
funds from 2010-2020. 1797 
publications reported to date 
(119 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  

Emily Dolson ran a new 
workshop on “Developing 
Artificial Life Resources for 
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the Web” at this year’s 
ALIFE Conference 

Number of new journals and 
societies  

None to report  

New or increased funding for 
biocomputational research 

BEACON researchers 
submitted 44 proposals for 
external funding concerning 
evolution in action, and 
>$11M 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 

3 press releases and several 
media pieces since previous 
annual report 

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

Number of requests for 
information 

Avida-ED accessed over 
1,000 times per month 

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 

None to report this period 

Number of BEACONites who 
attended RCR training sessions 
offered by BEACON 

None to report this period 

Number of BEACON seminars 
offered 

8 BEACON seminars have 
been offered since the last 
reporting period. 

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 

119 publications submitted, 
96 conference or other 
presentations, 44 grant 
proposals submitted during 
this reporting period  

BEACON research output 
will be perceived as 
making an important 

Feedback from the External 
Advisory Committee  
 

Feedback not solicited for 
final STC year. 
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contribution to the 
literature. 

 
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 
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 (typically a 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 
adaptation in action; effects of genetic interactions on evolution, including epigenetics and gene 
regulatory networks; and development of new tools for studying evolution in action. 
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 
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integrated with studies of living systems from single-celled organisms all the way up to 
mammals. 

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.  

Thrust Group 4: Evolutionary Applications. Technological applications of evolution have 
become more prominent in BEACON, as has knowledge transfer, and this Thrust Group is 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) industry and agriculture; and (3) healthcare, specifically in the area of 
understanding the evolution of antibiotic resistance; 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: 22/157 (14%) PhDs 
and 21/40 (53%) postdocs are 
now in faculty positions. 81 
(52%) of BEACON PhD 
graduates went on to 
postdoctoral positions. 

Increased public literacy in 
evolution and the nature of 
science 

Development of educational 
materials 

Publication and 
dissemination of educational 
materials. At least 4 
publications in this reporting 
period 

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 

URA program at KBS assist 
in these areas and continue to 
seek additional funding for 
programs focused on 
diversity, equity, and 
inclusion. 
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Communication of the 
diversity of careers 
associated with STEM 
disciplines 

Participation in diverse 
careers workshops and 
tracking our own students. 

 
Across all BEACON, our educational projects aim to use BEACON research to demonstrate 

evolution in action, revealing 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. 

Internal Education Activities. The establishment of the new CMSE department at MSU 
now provides a broad range of computational biology courses (e.g CMSE 801 Introduction to 
Computational Modeling; CMSE802 Methods of Computational Modeling), and BEACON 
graduate students are encouraged to consider these as an alternative. BEACON leadership is also 
working with the Evolution, Ecology, and Behavior program at MSU to facilitate additional 
courses that combine computational and evolutionary science. 

External Education Activities. Our goals moving forward include continuing to bring 
BEACON research to new audiences. The COVID-19 pandemic made these efforts a challenge, 
particularly outreach to K12 schools.  However, the pandemic did create opportunities to publish 
many of the educational outputs related to BEACON projects. 

 
Knowledge Transfer 

The following table summarizes our knowledge transfer progress in the past year in the areas 
described in the strategic plan. 

 
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 

BEACONites have 
maintained collaborations 
with industrial collaborators. 

Number of joint grant 
proposals submitted with 
industrial partners 

At least 5 collaborative 
proposals related to industrial 
collaboration have been 
submitted. 

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

At least 5 in the current 
reporting period  
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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 4 
 
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 Aerospace Corporation, 
Siemens, Ford Motor Company, Continental Automotive, General Motors, Hyundai MOBIS, 
BBN-Raytheon, ZF-TRW, Cognizant, and Axia Institute. BEACONites filed 10 patent 
applications during this reporting period. 3 spinoff companies have resulted from BEACON 
research.  
 

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.  

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 effectively institutionalized its two overarching diversity goals of 1) ensuring that 

diversity is represented as an inclusive and connecting thread throughout the consortium, and 2) 
exceeded national norms for diversity at all levels across the consortium. These outcomes were 
embedded in a clear and consistent message, and demonstrated within research opportunities, 
grant submissions, broader impacts efforts, educational and outreach activities, formal mentoring 
training/support, fellowships, and direct student support funding. BEACON completed its 10th 
year with great pride in our sustained diversity outcomes and accomplishments.  

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 and graduate levels. BEACON is now working to produce a 
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toolkit publication to capture our comprehensive strategies and activities that led to our exemplar 
diversity and inclusion outcomes across the consortium.  

 
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  

~25-30% of publications and 
presentations reported as 
interdisciplinary 

Number of students enrolled 
in cross-disciplinary courses  

Not offered this period 

Number of funding proposals 
submitted  

9 of 44 grant proposals 
submitted (21%) reported as 
interdisciplinary; 11 of 44 
(25%) inter-institutional 

Increase in cross-institutional 
research and education 

Number of paper/conference 
submissions  

~25-30% of publications and 
presentations reported to be 
cross-institutional  

Number of new courses and 
workshops  

No new courses this period 

Number of students in cross-
institutional courses  

Not offered this period 

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

Number of submissions  BEACON researchers 
submitted 44 proposals for 
external funding concerning 
evolution in action, and 
>$11M in external funding 
was granted 

Award dollars  BEACONites have been 
awarded over $11M from 
outside BEACON in this 
reporting period, exceeding 
goal of $5M/year 

Effective support of Center 
operations by Management 
team 

Survey for participants about 
management team  

None to report this year. 

Feedback from External 
Advisory Committee 

None to report this year. 
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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  

NSF continues to cite 
BEACON as an example of a 
successful STC, and 
BEACON Directors 
Goodman and Ofria both 
regularly speak at NSF-
sponsored events about 
effective center management. 

 
Throughout our 10 years of STC funding, projects at BEACON have been chosen through an 

annual selection process, in which BEACON members submitted "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 encouraged 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).  

 

Center-Wide Outputs 
• Publications submitted: 119 reported  
• Conference presentations and other dissemination activities (including lectures, seminars): 96 

reported 
• Awards and Honors: 10 awards and honors reported 
• Students that graduated (reported): 16 PhDs, 2 Masters, 5 Bachelors 
• General outputs of knowledge transfer activities: 1 company formed  
• Participants: 436 participants 
• Media publicity: Since the previous annual report, we have put out 3 press releases so far. 

Several 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 3 continents, 

including field research and education in Kenya; multiple engineering research collaborations 
with researchers and organizations in China; and experimental and digital evolution research 
collaborations in France and the UK. 
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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 has aimed 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 BEACON’s final STC funding period (2019-2020), a total of 30 research projects were 
supported, and 21 of those were completed in the last reporting period. During the no-cost 
extension period, remaining funds were spent to complete the last of these projects. Below, we 
summarize the research conducted in the last year. 

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 

Nearly 350 projects 
supported by BEACON STC 
funds from 2010-2020. 1797 
publications reported to date 
(119 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  

Emily Dolson ran a new 
workshop on “Developing 
Artificial Life Resources for 
the Web” at this year’s 
ALIFE Conference 

Number of new journals and 
societies  

None to report  

New or increased funding for 
biocomputational research 

BEACON researchers 
submitted 44 proposals for 
external funding concerning 
evolution in action, and 
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>$11M in external funding 
was granted 

Increase in publications 
related to evolution in 
action 

Number of BEACON faculty 
participants writing such 
publications. 

BEACON publications are 
continuing at a high rate 
every year.  

High visibility science 
journalism about BEACON 
research 

3 press releases and several 
media pieces since previous 
annual report 

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

Number of requests for 
information 

Avida-ED accessed over 
1,000 times per month 

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 

None to report this period 

Number of BEACONites who 
attended RCR training sessions 
offered by BEACON 

None to report this period 

Number of BEACON seminars 
offered 

8 BEACON seminars have 
been offered since the last 
reporting period. 

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 

119 publications submitted, 
96 conference or other 
presentations, 44 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  
 

Feedback not solicited for 
final STC year. 

 

1c. Problems in making progress towards these goals. 
Our ongoing challenge is enabling communication among researchers in different fields and 

institutions. This challenge was exacerbated by the COVID-19 pandemic. We have a number of 
strategies in place to help overcome this problem: 
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• Annual meeting, with sessions designed to stimulate new collaborations and networking 
sessions for students and postdocs: We held our eleventh BEACON Congress in August 
2021. As in 2020, we held this Congress virtually, using a combination of online 
platforms (Zoom, Gather.town, and Slack. We featured a diverse panel of keynote 
speakers: Dr. Jeannette Abrams McLean, Dr. Betul Kaçar, and Dr. Lana Sinapayen. In 
addition to contributed talks in all areas of BEACON research, we also featured several 
special sessions, most run by graduate students and postdocs: “Quantifying learning in 
the light of evolution: quantifying evolution in the light of learning,” “Loci of Control: 
Concepts of genetic complexity as a means of societal oppression,” “Citable and web-
enabled supplemental material,” “Sandbox: Building a Research Community for Long-
Term LTEE Collaborations,” “Sandbox: Teaching experimental evolution,” and a session 
featuring the work of participants from this summer’s Workshop for Avida-ED Software 
Development (WAVES). This year, we also asked our members to invite their present 
(and future) collaborators in the field of evolution in action, and got an overwhelmingly 
positive response. We had about 175 registrants – 125 from within BEACON, and 50 
from outside of BEACON. We are planning to continue holding BEACON Congress as 
an annual or biennial conference that is open to any evolution-in-action researchers, 
including those from institutions beyond BEACON. Although face-to-face interaction is 
preferable, the success of the 2020 and 2021 virtual Congresses suggests a less expensive 
and more accessible option moving forward.   

• Weekly seminars. We hold biweekly meetings in which members present the results of 
ongoing activities. These seminars have more than once successfully sparked interest and 
led to new collaborations. Since March 2020, all seminars have been hosted online via 
Zoom. 

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.  

 

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 adaptation in action; effects of genetic interactions on evolution, including epigenetics 
and gene regulatory networks; and development of new tools for studying evolution in action. 
BEACONites are using a combination of techniques, including experimental evolution in 
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biological and digital organisms, mathematical modeling and simulation, and integrating data 
from field and lab biology. 

Ben Kerr and Doug Fowler (both UW) conducted on a project entitled “On the origin of 
species epistasis.” Analogous to a population of organisms evolving in a changing environment, 
proteins encoded on plasmids can evolve under changing host species due to horizontal gene 
transfer (HGT). Many proteins with adaptive significance in microbial communities are encoded 
on plasmids which are exchanged between species via HGT. The most relevant to humans are 
the genes that confer antibiotic resistance, which pose a serious threat to our public health. To 
understand the likely constraints on the evolutionary trajectories for horizontally transferred 
genes, Kerr and Fowler wanted to know for a large set of mutations from a wild-type sequence, 
how much the fitness effects of mutations depend on host species. They planned to extend the 
understanding of beta-lactamase evolution by using a combination of high-throughput 
mutagenesis to exhaustively explore epistasis in TEM-1 across different species and use 
experimental evolution to test evolutionary predictions based on the forms of TEM-1 epistasis. 
Over the past year, they took the allelic, barcoded library and transformed into the three species 
of interest (Escherichia coli, Klebsiella pneumoniae, Salmonella enterica). Each species 
containing the allelic library was exposed to a gradient of Cefotaxime. All cultures across the 
drug gradient with bacterial growth were isolated to PCR the barcodes. The barcoded PCRs from 
each species and drug concentration were pooled and submitted for sequencing. Currently they 
are waiting for the sequencing data to be able to construct the fitness landscapes.  
 

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. 

Kay Holekamp, Robert Pennock and Jory Schossau (all MSU), in collaboration with Arend 
Hintze (formerly MSU, now Dalarna University in Sweden) are examining the evolution of 
inquisitive behavior. The Curiouser and Curiouser project investigates the role of evolution in 
predisposing cognition toward beneficial or detrimental curiosity. This project has required a 
great amount of preliminary research just to find the direction of progress. To this end, this past 
year the team implemented and evaluated a variety of Reinforcement Learning cognitive 
algorithms for their application to the animal behavior task. This is an unusual task from the 
perspective of machine-learning as it is fraught with a number of challenges that make traditional 
approaches not function well. However, they have collected our experience from the past year 
and seem to have come up with something that will work and are in the process of evaluating this 
cognition algorithm. The team also led a BEACON Congress sandbox session on the evolution 
of learning, which spurred some very useful discussion and a few collaborative takeaway points 
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resulting from intersecting computer science and biology experts. The sandbox also produced an 
ongoing discussion collaboration with a BEACON member we didn't know was interested in 
working on very similar topics. Additionally, they have produced a spin-off project that may 
result in its own paper. The team had also planned to conduct a study of curiosity in hyenas in 
Kenya in parallel with the digital experiment but, as mentioned in last year’s report, travel 
restrictions caused by the pandemic made this impossible. Travel restrictions have recently been 
loosened for Kenya, but it remains uncertain whether conditions will allow us to do this work 
this coming summer.  
 

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. 

Eric Bruger (postdoc, UI) and Alita Burmeister (postdoc, Yale U) examined evolutionary 
interactions between social behavior and viral resistance. Quorum sensing (QS) is an evolved 
trait in bacteria that allows cell-cell communication and a variety of social behaviors mediated 
through extracellular signaling molecules. Mechanisms that preserve functional QS in bacteria 
are of interest because these systems are implicated in pathogenesis. One such potential 
mechanism is selection by phages, which exert strong selection on bacterial populations for 
resistance to infection. However, bacteria are also subject to selection against QS and its related 
motility phenotypes. Selection against QS occurs both through the rise of “cheaters” that gain the 
benefit of QS without paying the costs, as well as by phage that can target QS-regulated cellular 
structures. Given that phage have been implicated in both the preservation and loss of QS, it is 
unclear how phage-selected quorum sensing may influence the evolution of pathogenesis, and 
whether there are general patterns among host or phage species. To investigate these patterns, 
this team used the QS-model organism Vibrio campbellii and a novel collection of environmental 
phages. They focused on both the mechanistic and evolutionary intersection between host 
behaviors and bacteriophage dynamics. They leveraged their pre-existing phage and bacterial 
collections to test relationships among the QS bacterial mutants and phage diversity. This new 
BEACON collaboration revealed general patterns of how phage impact the evolution of QS 
systems and generated preliminary data for future in-depth proposals on how population 
dynamics are dependent on phage and host genotypes. Using their growth-optimized subset of 
phages, they collected a complete data set on how quorum sensing (QS) genes impact infectivity 
of a variety of phages. In particular, their quantitative measurements of phage growth on the full 
QS gene knockout panel showed that infectivity is determined by both phage and host alleles. 
They also demonstrated that their experimental conditions are sufficient to impose strong 
selection on the bacteria, with initial evidence that phage resistance evolves within a few days. 
They found high levels of genetic variation in the population, which may be due in part to 
needing an improved host reference sequence. Overall, this project supported a new 
collaboration involving a novel study system to discover interactions between phage resistance 
and bacterial quorum sensing. The publishable results include involvement from one 
undergraduate co-author. Potential future work includes performing phenotypic tests on phage-
resistant hosts to assess how phage selection pleiotropically impacts quorum sensing phenotypes, 
such as motility and light production. 
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Thrust Group 4: Evolutionary Applications.  
Technological applications of evolution have become more prominent in BEACON, as has 

knowledge transfer, and this Thrust Group is 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.  

Betty Cheng, Charles Ofria, Chris Adami, and Hayder Radha (all MSU) examined the 
evolution of mental models to enhance perception in autonomous vehicles. Spatio-temporal 
mental models allow humans to better understand the world around them, and to predict the 
immediate future. The biggest challenge for safe and efficient autonomous vehicles lies in 
developing these types of predictive internal models that will allow them to achieve similar 
levels of perception and anticipation. This team is studying the evolution of spatio-temporal 
models in virtual autonomous vehicles (agents) under a variety of conditions. The goal of this 
project is to identify whether rewarding agents for correctly answering questions about their 
environment produce more effective internal mental models of their external world. The team 
identified a domain focus of safe and reliable navigation through a complex environment. They 
pursued this task in two phases. First, they used a simple, abstract world called “N-Back” to 
examine the benefits of rewarding correct answers to targeted questions about the world. Next, 
they we built a navigation-focused virtual world where agents had to reach their destination 
while avoiding obstacles and timing their passage through “hot spots” that were periodically 
dangerous. Overall, they have been successful at demonstrating the value of asking questions to 
agents during evolution and plan to proceed with this research by applying it to ever more 
challenging evolutionary tasks. A challenge with the above work was in identifying the best 
representation for the digital organisms to solve the problems presented. In a continuation, they 
have explored the representations of these organisms for achieving cognition. To do so, the team 
developed the “Comparative Hybrid Approach” wherein they take two different representations 
and, for each feature that differs, explore the range of possible hybrid representations. In a paper 
published at the Artificial Life conference they were able to demonstrate the value of this 
approach in better understanding the representations for the above work. 

Maitreya Dunham (UW) and Edward Marcotte (UT) are watching evolution in action in the 
brewery. The goal of this project was to use a combination of genomic and proteomic analysis 
to understand the physiology and evolution of brewing yeast in situ. Working from their 
expertise with laboratory evolution, they reasoned that they could use the same tools to watch 
adaptation in a more complicated and ecologically relevant, but still relatively simple, 
environment. They collected a large proteomics dataset over fermentation timeseries, and 
sequenced the genomes of yeast collected over serial reuse. In both cases, the team generated 
rich datasets that show how yeast adapt physiologically and genetically to brewery conditions. 
They have used the no cost extension to continue to work on one of the manuscripts associated 
with this project. The team received mixed reviews at eLife, but were encouraged to submit a 
revision. One of the questions left unanswered by the original version of the paper was the 
degree to which flocculation (a type of cell clumping) might be driving the rise in frequency of a 
chromosome rearrangement that was repeatedly observed. Since the yeast are collected from the 
bottom of the fermenter for repitching, a strain with enhanced flocculation may have a higher 
chance of being propagated. They had previously not been able to measure a difference, but a 
closer reading of the literature indicated that sugar composition can be very important for this 
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trait. Once UW graduate student Chris Large was able to go back to the lab, he performed new 
flocculation assays, now using wort instead of our laboratory media, and got the dramatic result 
that the chromosome rearrangement does in fact lead to an increase in flocculation. They are now 
revising the paper to include this result, and to address the other reviews. 

Alita Burmeister and Paul Turner (Yale) are creating an evolutionary application of phage 
to reverse antibiotic resistance. A barrier to the long-term efficacy of antibiotics is the 
evolution of antibiotic resistance. Widespread drug usage in medicine and agriculture imposes 
selection for resistance in bacterial populations, which also interact with other agents of strong 
selection, including lytic phage. This research group recently isolated an Escherichia coli phage, 
U136B, which relies on bacterial surface structures for infection, including both 
lipopolysaccharide (LPS) and the major drug efflux protein TolC. Dependence on TolC makes 
phage U136B an excellent candidate for evolutionary therapy, in which phage select for bacteria 
with altered TolC, resulting in restored antibiotic sensitivity. They previously found that 30% of 
U136B-resistant mutants contained such mutations. However, phage U136B also selects for LPS 
mutants, which have unaltered drug resistance. These LPS mutants are a major barrier to the 
effectiveness of phage U136B for restoring antibiotic sensitivity. To address this challenge, the 
team proposed to evolve phage U136B host range on a panel of LPS variants. The evolved 
phages would then be combined and used as a mixture for selection of resistant hosts. They 
predicted that the phage mixture will limit selection for LPS mutant bacteria, slowing the 
evolution of phage resistance while also increasing selection for tolC mutants with increased 
antibiotic sensitivity. The new phage mutants would be of interest to industrial partner Felix 
Biotechnology, Inc., which is poised to raise capital investment and enable animal and human 
trials to put phage U136B and evolution into action. In year 1, the team comprehensively 
completed a screen for phage host-range mutants. Interestingly, they found that different stocks 
of wild-type phage 132 have different infection abilities on their panel of LPS mutants. This 
result suggests that for phage 132, LPS-related host range may be especially evolutionary labile, 
the opposite observation as for phage U136B. In year 2, they investigated the genomic basis for 
phage 132 phenotypic changes. They found that some mutations were associated with host range 
changes, but that this result was not reproducible, suggesting an unidentified source of 
phenotypic variation in plating. Overall, the results of Aim 1 indicate that LPS-related evolution 
may not be an easy target for phage U136B to overcome. For Aim 2, the team originally 
intended to better understand the dynamics of bacterial evolution when phages that were 
independent of various LPS-synthesis genes. While they haven’t been able to complete this aim 
due to the Aim 1 results, in related work, they have learned more about bacterial evolution 
related to LPS. When they originally received BEACON funding, a major applied goal of the 
work on phage U136B was to limit the evolution of LPS-related mutations. Since then, the team 
has discovered that the LPS-related mutations are outcompeted by tolC mutations by the end of a 
10-day evolution experiment (Burmeister et al. 2020, PNAS 117 (21): 11207-11216). Putting 
these new data together with results from Aim 1, it seems that the host’s LPS mutations are not 
limited by phage coevolution, but instead by other factors. Indeed, the related work shows that 
the LPS mutants are generally less fit than the tolC mutants, with ‘nudges’ evolution away from 
mutant LPS alleles (Burmeister PNAS 2020). In year 2, the team used remaining project funds to 
further characterize phage U136B. They have discovered that phage U136B evolves parallel 
mutations in its host recognition proteins, and that these mutations are associated with changes to 
adsorption rate. Overall, BEACON support for this project has contributed to involvement of 
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four undergrad mentees and the first evolutionary characterization of phages that rely on LPS, 
antibiotic efflux pump proteins, or both.  

Joseph Graves, Jr. and Jessica Han (both NCAT) investigated how E. coli survives gallium 
quenching. Considerable evidence shows that bacteria rapidly evolve resistance to a variety of 
antimicrobial substances. There has been an increased usage of metallic antimicrobial materials 
to control pathogenic and multi-drug resistant bacteria, yet there is a corresponding need to know 
if this may lead to genetic adaptations that produce even more dangerous bacterial varieties. New 
theory suggests that antimicrobial substances that disarm bacteria, as opposed to killing them 
may be more evolutionarily robust. This team has used experimental evolution to produce strains 
of Escherichia coli K-12 MG1655 resistant to Gallium Nitrate (Ga3+NO3)9. Gallium resistance 
was evident in populations cultured in medium containing a sublethal concentration of gallium 
by day 10. Furthermore, these populations showed increased resistance to ionic silver and iron 
(III), but not iron (II). There was no increase in antibiotic resistance compared to controls. 
Genomic analysis identified hard selective sweeps of mutations in several genes in the gallium 
(III)-resistant lines including: fecA (iron citrate outer membrane transporter), insl1 (IS30 
tranposase), one intergenic mutations arsC → / → yhiS; (arsenate reductase/pseudogene); and in 
one pseudogene yedN ←; (iapH/yopM family). Additional significant polymorphisms were 
found at frequencies > 0.500 in fecE and fecB, as well as intergenic mutations fepD ← / → entS 
(iron‑enterobactin transporter subunit/enterobactin exporter, iron‑regulated) and yfgF ← / → 
yfgG (cyclic‑di‑GMP phosphodiesterase, anaerobic/uncharacterized protein). The plethora of 
mutations associated with iron metabolism suggest that gallium resistance in E. coli can result 
from alterations in the iron acquisition pathways. In the iron selected populations they have 
found a clear pattern of difference in gene expression between the controls (no excess iron 
selection) and the Fe-selected replicates. They found a similar pattern in the genes associated 
with cell wall synthesis, metabolism, transcription, transport, and transcriptional regulation. 
These all suggest that important aspects of iron metabolism have been altered by Fe selection. 
The fact that similar mutations occur to produce gallium resistance suggests that similar patterns 
of gene expression might be found in the gallium-resistant populations. Laboratory work for this 
project was disrupted by the COVID-19 pandemic but was reinitiated in the current reporting 
period. Experimental selection was used to reestablish gallium resistant populations. Ga3+-
resistant populations showed superior growth in 1750—5000 mg/L of GaNO3.  

Misty Thomas and Joseph Graves, Jr. (both NCAT) are studying the evolution of silver 
resistance in low gravity. As NASA focuses on strategies for long-term space exploration and 
colonization, they must prioritize effective interventions for maintaining clean potable water. 
Iodine has primarily been used on the International Space Station as an effective antimicrobial 
agent, but more recent reports have indicated the use of silver for future long-term travel. 
Infection of unknown bacteria is not a primary concern, rather it is infections resulting from the 
crew’s normal flora. This team is looking at the influence of microgravity and silver on the 
common human resident; Streptococcus mutans. They are adapting S. mutans to normal gravity, 
microgravity, and to microgravity and silver for 100-days in a High Aspect Rotating Vessel 
(HARV). These adapted populations will then undergo whole genome resequencing and 
phenotypic analysis via MIC assays to assess any changes in virulence associated with 
adaptation to microgravity and co-adaptation to microgravity and silver. This work will shed 
light on the consequences of adaptation of microbes to microgravity and using silver to filter 
potable water on the host microbiome. These studies will show how quickly, and by what genetic 
mechanisms, S. mutans may evolve resistance to levels of silver presently used as a biocide for 



BEACON 2021 Annual Report  II. Research, 23 

potable water on the ISS and will also help in the potential development of treatments to combat 
the dental issues that may arise in space due to this human symbiont. The team initiated 
experimental evolution (EE) studies to adapt S. mutans first to normal gravity (NG) and then to 
microgravity (MG). Upon completion of the 100-day EE study, the team sequenced the 3-week, 
6-week, 9-week and 100-day populations in addition to assessing virulence in the hallmark 
populations using adhesion assays, acid tolerance assays, and MICs for antibiotic resistance. 
They found that there were no mutations that were both specific and maintained in the MG 
populations when compared to NG. Additionally, in planktonic cultures, MG had no effect on 
adhesion nor on antibiotic susceptibility, although did show a decrease in acid tolerance. In 
addition, they have begun RNAseq analysis of these cultures. In October of 2020, they began the 
second phase of EE studies to assess the co-evolution of S. mutans under MG and MGAg. In 
early 2021 they completed the EE study and are currently working on collecting all of the 
phenotypic data associated with the adapted populations. They have sequenced the genomes of 
the adapted populations and found novel genes associated with metal adaptation in S. mutans 
including the two-component response system CiaH/R which are involved in antibiotic 
resistance, oxidative stress tolerance and biofilms formation. The phenotypic assays should be 
completed by the end of 2021 and in 2022 Mizpha Fernander will then be writing up her work 
both for publication and for her final thesis of which she plans to defend in the fall of 2022. 

Stephen Kelly, Wolfgang Banzhaf, and Cedric Gondro (all MSU) are working on genetic 
programming for genomic prediction in the presence of epistatic effects. Genomic prediction 
is the problem of predicting an organism’s phenotypic traits from DNA markers, primarily single 
nucleotide polymorphisms (SNP). The task is particularly challenging because of the large input 
space (many thousands of DNA markers) and the presence of gene interactions, or epistatic 
effects, which imply that the relationship between the genome and phenotype may be complex 
and non-linear. The team hypothesizes that evolutionary model building with genetic 
programming is well suited to meet these challenges, and they are developing a framework and 
experimental methodology to test this hypothesis. This research has a range of potential 
applications that directly benefit society. In agriculture, genomics is a linchpin of genetic 
progress which is key to successfully feeding an ever-growing human population. In human 
medicine, building predictors for genetically based diseases could allow for early intervention 
and better patient outcomes. Whalen et al. identify an evolutionary feature selection framework 
to mitigate the curse of dimensionality associated with the large number of inputs (DNA 
markers). The resulting features are used to improve the accuracy of standard statistical genomic 
prediction methods. The objective of this research is to investigate GP in a dual purpose role: 
discovering which DNA markers are important features and building models capable of 
predicting phenotype from markers. This project has generated two publications to date and two 
are in progress. The Tangled Program Graph (TPG) algorithm was extended to support 
continuous-valued output, which is required for genomic prediction. This work is published in 
the team’s GECCO 2020 paper, receiving a best paper nomination (GP track). The work also 
was extended for an article in Genetic Programming and Evolvable Machines. After struggling to 
apply TPG to synthetic genomic prediction datasets, we moved to a simplified, non-hierarchical 
version of the framework (equivalent to Linear GP). This allowed for faster evaluations and 
much larger populations. This approach is competitive with state-of-the-art statistical methods 
such as GBLUP on datasets with 10 and 100 qualitative trait locus and without epistatic effects. 
To the best of our knowledge, this is the first example of evolutionary model building matching 
the performance of statistical methods in this domain. A journal report on these experiments is 
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currently in preparation. Having established its potential on synthetic data, the team’s GP 
framework is now being applied to real cattle and human datasets with epistatic effects. In this 
context, the evolutionary model-building approach is likely to show significant benefit over 
statistical methods, which rely on a prior model that is difficult to design a priori. 

 

2b. Progress towards metrics listed above. 
 

Integrative Research Goals 

1. New research collaborations and proposals 

• Over BEACON's 10 years as an STC, nearly 350 new research projects were supported. 
• 119 publications submitted this reporting period, of which about 26% were reported as 

multidisciplinary and 30% were reported as multi-institutional. It should be noted that we 
used a new reporting form this year and asked for a voluntary notation indicating whether the 
publication fell into these categories, rather than providing a checkbox. We believe this 
number is severely underreported as a result. 

 
2. New paradigms for research in organic and digital domains  

• Number of new sessions at scientific meetings or scientific meetings hosted at BEACON: 
Emily Dolson ran a new workshop on “Developing Artificial Life Resources for the Web” 
at this year’s ALIFE Conference: https://alife.org/2021-web-workshop/. BEACON 
Congress has persisted into the post-STC era and discussions are underway for transforming 
it into an ongoing scientific meeting. 

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

BEACON researchers have submitted at least 44 proposals, and >$11M in external funding 
has been granted. 

 
3. Increase in publications related to evolution in action  

• Number of publications: 119 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 3 university press releases about BEACON research. Several 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  

• The Avida-ED application has been accessed 12,070 times over the past year. 
• About 2,000 visits to BEACON website monthly, where all resources are linked 
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Ethical Research Goal 

1. Responsible Conduct of Research (RCR) training and scientific norms/virtues 
• The very multi-disciplinary regular Friday meetings have been going on continuously since 

October 29, 2010, though participation has decreased somewhat during the pandemic. 8 
seminars have been offered so far 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: 119 reported to BEACON  
• Conference presentations: 96 reported  
• Grant proposals submitted: 44 submitted  
• The primary barrier to knowing whether we are 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 2018. 
• Feedback from last External Advisory Committee meeting was very positive (reported in 

2018 Annual Report). 
• We did not solicit feedback from the External Advisory Committee for the final years of STC 

funding. 

 
2c. Research plans for the next reporting period. 

This is the final reporting period. We will use the one year no-cost extension to finish up the 
projects that are currently underway. 

Charles Ofria (MSU) is continuing to lead an effort on synthesizing concepts within 
evolution in action by writing a series of synthesis papers. The BEACON Center has had 
notable success bringing together biologists, computer scientists, and others interested in 
studying questions related to the topic of evolution in action. A major component of this success 
has been in facilitating communication among people in these different fields by working 
through issues where language, concepts, background, and even research goals might differ, but 
questions still revolve around evolution as a dynamic process. His team is helping extend this 
multi-disciplinary interaction beyond BEACON by developing synthesis papers that will be the 
start of a series, each focusing on a core concept within evolution in action. These papers will 
explore the similarities and differences in how each concept is used, highlighting not just the 
profound distinctions, but also the subtle nuances that could derail a research project if left 
unnoticed. They have begun with the concepts of “fitness” and “diversity” - fundamental 
concepts in both biology and evolutionary computation. These papers are now being read by 
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collaborators in order to ensure that they are properly reflecting the range of fields involved. 
Another goal of the team is to produce a common paper structure and process to turn this into a 
consistent paper series that will highlight the BEACON legacy. Key to each of these papers is 
that they provide a conceptual gateway into the relevant concepts, and allow domain experts on 
either side to understand the depth of each field, how they relate, and what open questions are of 
particular interest. In the synthesis paper on fitness they are highlighting that the concept of 
fitness is central to all forms of evolution that involve selection, and yet has important 
distinctions in different fields.  In biology, fitness is a measured quantity intended to reflect the 
survival potential of a species, typically based on the number of offspring an individual is 
expected to produce, while in evolutionary computation fitness is assigned by a “fitness 
function” that measures the quality of a prospective solution and is used determine how many 
offspring that individual should be a parent to.  They are highlighting these distinctions, and 
discussing how concepts translate well between fields and where differences in the meanings of 
fitness can frequently lead to misunderstandings. In the synthesis paper on diversity they are 
exploring the drivers and effects of diversity as they are studied in fields ranging from ecology to 
evolutionary computation. Diversity matters to each of these fields, but for differing reasons, 
which lead them to ask different questions. For example, many ecologists research the effects of 
diversity on ecosystem functioning, evolutionary biologists focus more on the origins of natural 
diversity, and evolutionary computation researchers study how to increase diversity to produce 
more varied solutions.  The manuscript includes a meaningful breakdown of how diversity 
concepts are used, separating them into the target of the measure (a region, a species, etc.), the 
trait of the organisms (e.g., a phenotypic trait or their genomes), and the metric being used (e.g., 
Shannon diversity, richness, etc.). The team ran a successful workshop at the 2018 BEACON 
Congress and recruited a large number of interested authors across the fields.  

MSU provided $400,000 in research funds for 2020-2021 plus $224,000 for administrative 
costs (not the $1M originally promised). The MSU Graduate School also provided $120,000 for 
supporting graduate students in 2020-2021, and $90,000 for 2021-2022. We supported the 
following projects at BEACON@MSU which are in progress:  

• Chris Adami: Towards an information-theoretic foundation for the evolution of cooperation 
• Wolfgang Banzhaf: Evolutionary Algorithms to predict the impact of climate on food 

production 
• Zachary Blount & Rich Lenski: Eco-Evolutionary Consequences of Alternate Versions of a 

Novel Trait in E. coli 
• Vishnu Boddeti: Coevolutionary Methods for Generative Adversarial Network (GAN) 

Design 
• Ingo Braasch: A Tale of Two Tails: Using Developmental Genomics to Investigate the 

Evolution in Action of a Vertebrate Key Innovation 
• Kalyanmoy Deb: Improving Prediction Variability in Hierarchical Agricultural and Industrial 

Systems Using Evolutionary Bilevel Optimization Methods 
• Fred Dyer: MABE 2.0: a next-generation tool for digital evolution and artificial life research 
• Minako Izutsu & Rich Lenski: Experimental Test of the Contributions of Standing Genetic 

Variation and New Mutations to Adaptive Evolution 
• Rich Lenski: Pleiotropy and the “Footprint of History” in Digital Organisms 
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• Linda Mansfield: Developing a Tractable Mouse Model to Study Horizontal Gene Transfer 
of Antimicrobial Resistance Genes among Community Members of the Human Gut 
Microbiome 

• Louise Mead & Danielle Whittaker: Salamander Scents: The Microbiome and 
Communication 

• Charles Ofria: Alternate Timelines: The Role of History in the Digital Evolution of 
Associative Learning 

• Janani Ravi & Neal Hammer: Evolution of Staphylococcal antibiotic resistance systems 
across Gram-positive bacteria 

• Marianna Szucs: Evolutionary biocontrol: unlocking the potential of native parasitoids as 
biological control agents using experimental evolution 
 
The MSU administration has stated verbally that they will again provide a similar amount of 

internal funding to stimulate BEACON research for the upcoming year. However, despite our 
repeated attempts to finalize this agreement with MSU’s Vice President for Research and 
Innovation, the funds have not yet materialized. 
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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.  

Across all BEACON, our educational projects aim to use BEACON research to demonstrate 
evolution in action, revealing 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: 22/157 (14%) PhDs 
and 21/40 (53%) postdocs are 
now in faculty positions. 81 
(52%) of BEACON PhD 
graduates went on to 
postdoctoral positions. 

Increased public literacy in 
evolution and the nature of 
science 

Development of educational 
materials 

Publication and 
dissemination of educational 
materials. At least 4 
publications in this reporting 
period 

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

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

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

URA program at KBS assist 
in these areas and continue to 
seek additional funding for 
programs focused on 
diversity, equity, and 
inclusion. 

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: The establishment of the new CMSE department at MSU now 

provides a broad range of computational biology courses (e.g CMSE 801 Introduction to 
Computational Modeling; CMSE802 Methods of Computational Modeling), and BEACON 
graduate students are encouraged to consider these as an alternative. BEACON leadership is also 
working with the Evolution, Ecology, and Behavior program at MSU to facilitate additional 
courses that combine computational and evolutionary science. 

External education activities: Our goals moving forward include continuing to bring 
BEACON research to new audiences. The COVID-19 pandemic made these efforts a challenge, 
particularly outreach to K12 schools.  However, the pandemic did create opportunities to publish 
many of the educational outputs related to BEACON projects.  

 
2a. Internal Education Activities 

 
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 ~ 

In 2021, we received 21 applications for the KBS URA program from which we selected four 
students to participate in the BEACON funded URA projects. The applicant pool was equally 
split in terms of male: female (including one transgender), 52% self-identified as an 
underrepresented group in ecology/evolutionary biology (Black, Asian, Hispanic, Indian); four 
identified as first-generation students (%). While we were pleased with the diversity of 
applicants we received, many of those who applied decided not to participate – some found other 
jobs and others were concerned about the Covid protocols that were in place. Our selected 
students were: 2 male, 1 transgender, 1 female; 3 white, 1 white-Indian; 1 first-generation.  
Mentors for these students (3 female, 1 male graduate students; 2 male, 1 female faculty lab) all 
participated in mentorship training that included a strong focus on DEI and communication 
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skills. With the expectation of hiring a full time Academic Programs Coordinator (position was 
posted October 2021) who will have a 50% responsibility for DEI, we expect that we will be able 
to continue attracting diverse applicants to the KBS summer undergraduate programs and recruit 
more of them to participate. KBS has recently hired two four new faculty (two women, two 
under-represented minorities) and we expect that these new hires will play an important role in 
continuing efforts to expand research experiences for students from diverse backgrounds. 

In addition, a renewal grant for the KBS site REU program was submitted to NSF in August 
2021. REU Site: Understanding biological responses to global change in a field station 
community. PIs Sarah Evans (lead) and Fred Janzen; $393,004; proposed start date Feb 2022. 

  

2b. Professional development activities 
 

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, “We anticipate difficulties 
ensuring compliance with RCR (responsible conduct of research) training, as students and 
researchers may find the training requirements burdensome.” 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.  

 
Activity Name WAVES Workshop 
Led by Charles Ofria, Rob Pennock, Matthew Moreno (MSU) 
Intended Audience Undergraduates, Graduates 
Approximate # of attendees 10 

 
This year, we reprised a major initiative that we introduced in 2020 in response to the 

cancellation of many undergraduate internships: a full-remote software development 
workshop—Workshop for Avida-ED Software (WAVES). The goal of the workshop is four-
fold: 

1. to help participants advance their careers by skillbuilding through hands-on C++ 
and/or JavaScript software development, with a special focus on supporting members 
of historically underrepresented groups in computer science, 

2. to catalyze effective science communication and science pedagogy by helping 
participants develop the know-how to showcase their research through interactive 
web applications, 

3. to jumpstart software development on web framework and core digital evolution tools 
in support of the next version of the Avida-ED scientific and educational software, 
and 
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4. to produce software that broadly enriches the digital evolution, scientific, education, 
and open-source communities. to provide a learning opportunity for undergraduate 
CS majors, especially ones from underrepresented groups. 

The cornerstone of participants’ educational outcomes was one-on-work with an assigned 
graduate student or faculty mentor on a project of mutual choosing. Eight mentors participated in 
the program, leading projects ranging from algorithm design, to web design, to documentation 
and testing. Some participants — like Yemi Shin, who worked with Dr. Diane Blackwood to 
incorporate touch device support— developed software explicitly tailored for Avida-ED. Other 
participants — like Tait Weicht, who worked with Matthew Andres Moreno to continue work on 
a C++ interface for mobile-friendly web design — developed more general software tools that 
will directly support Avida-ED but have more general applicability. Each participant wrote a 
blog post summary of their project. (A full listing of blog posts is available at 
https://mmore500.com/waves/blog.html.) 

To bring students up to speed with technical skills for their projects, we began the workshop 
with a one-week series of asynchronous tutorials introducing Avida-Ed, C++, and web design. 
(A full listing of tutorials is available at https://mmore500.com/waves/tutorials.html.) In addition 
to these tutorials, participants broadened their scientific and technical horizons through topic-
driven enrichment seminars. These seminars were held for 90 minutes on a weekly basis. (A full 
listing of enrichment sessions available at https://mmore500.com/waves/enrichment.html.) We 
also held weekly group meetings with breakout sessions to check in on student progress, 
troubleshoot barriers, and spitball ideas. We assessed a pre- and post-survey of participants to 
quantify learning outcomes. We look forward to completing our analysis of learning outcomes in 
the upcoming weeks. 

We hosted 10 participants. (A directory of our participants, including a brief biographical 
sketch for each, is available at https://mmore500.com/waves/people.html.) 

Five participants identified as women (50%). Five participants identified as men (50%). One 
participant identified as Korean (10%), one identified as Vietnamese (10%), two identified as 
Other Asian (20%), and eight identified as White (80%). Three participants identified as 
LGBTQIAP (30%). One participant identified as first-generation (10%). A majority of our 
participants — 7 out of 10 (70%) — were members of an underrepresented group in computer 
science. 

 

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. As our 
available funding begins to decrease, we are working with external groups to facilitate continued 
implementation of these projects. 
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Activity Name Diversifying selection pressures in an experimental 
evolution teaching lab to target a broader range of 
students 

Led by Maitreya Dunham (UW), R. Hickey, Paul Rowley (UI), 
Bryce Taylor (UW) 

Intended Audience High school students 
Approximate # of attendees 100s expected 

The no cost extension was used to continue work on the aims of the project which included 
improving web presence and extending the original experiment to additional selection 
pressures. The website yevo.org is now populated with links (to participants, resources, press, 
and publications), protocols, and contact information. Last month we received ~170 hits, with 
referrals from PI and school websites, our twitter, and an NSF blog post.  Our main progress on 
new conditions ended up being related to the constraints imposed by the pandemic. We created 
an “evolving@home” kit that utilized caffeine, a TOR inhibitor. The home kit worked quite well, 
with only a marginal increase in contamination events. Strain sequences indicated robust 
resistance mutations, and we are moving forward with additional replicates. 
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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 and postdocs regularly publish and 
present their work work on BEACON education projects. Recent publications include: 

 
• Taylor MB, Skophammer R, Warwick AR, Boyer JM, yEvo Students, Walson M, 

Large CRL, Hickey AS, Rowley PA#, Dunham MJ 2021 yEvo: Experimental 
evolution in high school classrooms selects for novel mutations and epistatic 
interactions that impact clotrimazole resistance in S. cerevisiae. bioRxiv. May 3, 
2021.  
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• Schultheis, E.H. , M.K Kjelvik, J. Snowden, LS Mead, M.A.M Stuhlsatz. Effects of 
Data Nuggets on secondary students’ quantitative reasoning, interest, and attitudes in 
science.  Accepted. International Journal of Science and Math Education 

• Ellis, R., F. Reichsman, L.S. Mead, J. Smith, K. McElroy-Brown, PT White. 2021. 
ConnectedBio: An Integrative and Technology-Enhanced Approach to Evolution 
Education for High School. American Biology Teacher. 

• Warwick AR, A. Kolonich, K.M. Bass, L.S. Mead, F. Reichsman. 2020 Ten simple 
rules for partnering with K–12 teachers to support broader impact goals. PLoS 
Comput Biol 16(10): e1008225. https://doi.org/10.1371/journal.pcbi.1008225 

 
BEACON members continue to bring their research to external venues including scientific 

conferences, guest lectures, and outreach activities. 
 

Audience People in attendance Number of events 
Presentations 10-100s 79 
Education and Outreach 10-100s 46 

BEACON also works with the Society for the Study of Evolution to run the Undergraduate 
Diversity at Evolution program that brings 20-22 undergraduate students to the Evolution 
meeting. Unfortunately, due to COVID-19, the Evolution meeting was cancelled, and the 
program was not offered but we are looking forward to 2022 in Cleveland, OH!  

 

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, 235 BEACONites have reported receiving a graduate degree or completing a 
postdoc, and their placements are summarized in the table below. 

 
 Masters PhD Postdoc 
Graduate School 9 (24%) 1 (1%)  
Postdoc  81 (52%) 8 (21%) 
Faculty Position 1 (3%) 22 (14%) 21 (52%) 
Industry 16 (41%) 36 (23%) 10 (26%) 
Government 2 (5%) 4 (3%) 1 (3%) 
K-12 Education 3 (8%) 3 (2%)  
Unknown 8 (21%) 10 (6%)  
Total # graduates 39 157 40 

 
2. Increased public literacy in evolution and the nature of science 

Numerous outreach events have given us an opportunity to share Evolution in Action 
research and educational materials across a wide array of audiences over the past year, despite 
limitations created by COVID-19. BEACON students and faculty continue to participate in 
numerous workshops and presentations, bringing our evolution education materials to 
classrooms across the country. 
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3. Increased interest in STEM careers 
We continue to send scientists to classrooms and promote Skype a Scientist. Undergraduate 

research experiences offered at Kellogg Biological Station provide an opportunity for students 
from underrepresented groups to gain training in research.  

 

2f. Educational plans for next reporting period 
We are currently in a no-cost extension and plan to complete current educational project as 

the COVID-19 requirements allow. We will continue to collaborate with the Society for the 
Study of Evolution in support of the Undergraduate Diversity at Evolution (UDE) program and 
are working on a proposal to be submitted to NSF in collaboration with SSE and Society for 
Systematic Biology and American Society of Naturalists that will expand upon the successes of 
the UDE program. 
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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 

BEACONites have 
maintained collaborations 
with at least 10 industrial 
collaborators. 

Number of joint grant 
proposals submitted with 
industrial partners 

At least  collaborative 
proposals related to industrial 
collaboration have been 
submitted. 

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 4 
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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  

Aerospace Corporation: Betty Cheng (CSE) has completed NDA and MOU agreements 
and initiated discussions into collaborative research relating to assured autonomy (i.e., systems 
that include AI/machine learning (ML) elements). The target autonomous systems include 
satellite-based systems, as well as systems onboard the International Space Station. 

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 funded 
multidisciplinary project integrates 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. Since early 2017, Cheng and her collaborators from Criminal 
Justice are actively working with Ford in assessing both the technical threats and the information 
posted on social media regarding automotive cybersecurity threats.  

The project is continuing as more information is collected from the literature and relevant 
websites are mined for discussions regarding cybercrime relating to automotive systems. To date, 
socially-aware prevention strategies have been identified and used to define a situational crime 
prevention (SCP) framework; a repository has been created to archive these prevention 
strategies. This SCP repository contains both state of the practice and state of the art techniques.  

ZF-TRW: After two rounds of reviews and a 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.  

In 2020, the security patterns were organized and documented and then subsequently a 
description of them was published in the proceedings for peer-reviewed international workshop 
on Modeling for Automotive Software Engineering, comprising reviewers from industry and 
academia. Furthermore, the paper was among the most highly rated papers, and Cheng and her 
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co-authors published an extended version in a special issue of the Journal of Automotive 
Software Engineering. 

Identifying and Mitigating Latent behavior. Betty Cheng and Philip McKinley, in 
collaboration with a member of technical staff at Ford Motor company, submitted a proposal to 
the MSU-Ford Alliance program to explore how evolutionary computing can be harnessed to 
address the identification and mitigation of latent behavior for onboard autonomous features. 
This work will explore the use of evolutionary techniques in the context of components that 
contain machine learning components. As such, the project will develop techniques that 
synergistically combine evolutionary-based software engineering techniques, evolutionary 
robotics, and formal analysis techniques to address assurance challenges posed by using machine 
learning in automotive software.  

Optimal Casings and Covers for Electronic Equipment: 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 from heat management point of view and covers 
for electronic equipment to satisfy various criteria – amount of air movement versus steady-state 
temperature inside the enclosure. 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).   

Metron: Since December 2014, multiple non-disclosure agreements have been fully 
executed between MSU and Metron, where initially the focus was on specific collaboration 
between Philip McKinley, Betty Cheng, and Metron. During 2015, 2016, 2017, and 2018, Cheng 
and McKinley continued to explore collaborative investigations with members of Metron. 
Discussions continue with collaborators at Metron, exploring different funding opportunities, 
including SBIR, STTR, DARPA, and ONR. 

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. 

Ford Motor Company: Led by Kalyanmoy Deb (MSU). This project developed a 
metamodeling based multi-objective optimization algorithm that works in a collaborative manner 
with Ford. New solutions are created at MSU using metamodeling based evolutionary 
optimization method and were evaluated at Ford using their computationally expensive but high-
fidelity propitiatory evaluation codes. A trust region-based method is also used to create 
meaningful and confident optimization runs. The developed algorithm is applied to Ford’s water 
jackect problem and a diesel engine combustion problem.  

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 
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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 
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. 

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. 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: Betty Cheng has been collaborating with two new contacts with GM in 
obtaining challenge problems. Both collaborators are from the AI/ML group for autonomous 
vehicles. She has obtained two new challenge problems, one dealing with hands-free driving and 
the other with lane management. 

General Motors: Led by Kalyanmoy Deb (MSU). In this project (ongoing), Deb and 
collaborators are using a classifier based rule discovery method for a manufacturing process 
involving time series data. GM is interested in knowing simple rules involving different features 
of the time series data that will classify GO data from No-GO data, so that the classifier can be 
used during the manufacturing process and also to have a better understanding of the complex 
manufacturing process.   

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 
of evolving enemies. On Darwin Day of 2017 (Feb 12th), Darwin's Demons was released 
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on STEAM, an online gaming platform with hundreds of millions of subscribers world wide. 
Polymorphic Games worked 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. 

Polymorphic Games has released its second game, Project Hastur. Project Hastur is an 
evolutionary tower defense game in which the player's strategic choices cause adaptation in the 
enemy population.  Project Hastur is a fully 3D game environment, and the creatures in the game 
are encoded by digital genomes.  These genomes determine morphology, behavior, 
and performance traits.  Mutations of the genome can be dynamically represented in the game 
engine, and are fully integrated into the animations.  Procedural generation of video game 
enemies using an evolutionary model is a unique feature of Project Hastur. Project Hastur is 
available on STEAM.   

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

Dr. Andy Ellington (UT) and his colleagues have a number of BEACON-related industry 
activities. First, they are in the process of licensing Br512, a polymerase created via machine 
learning approaches; negotiations are ongoing. Second, they have licensed LAMP-OSD, a 
COVID-19 diagnostic for SARS-CoV-2, to Homodeus; this project is leveraging a previous 
BEACON project, with Holly Wichman. Finally, a BEACON-funded graduate alumnus, Dr. 
Austin Cole, has created a spinoff company, Aperiam Bio, a company that is engineering 
biological molecules for agricultural and pharmaceutical applications that uses proprietary 
machine learning techniques. Sample applications include increasing nutrition profiles for animal 
feed and developing cancer treatment therapies. 

The NCAT group is actively setting up undergraduate training courses in pharmaceutical 
development and an internship program with Gilead Sciences in an effort being led by Dr. 
Joseph Graves at NCATT (beginning Fall 2021). 

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 Skovde in Sweden, Aalto 
University School of Business in Finland, Indian Institute of Technology Kharagpur, India and 
also internally within BEACON. These papers are kept for circulation at http://www.coin-
laboratory.com. 

Kalyanmoy Deb is collaborating with High Performance 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 10 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 Dataspeed, Inc 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. Cheng has received one of the first challenge problems for 
BEACON relating to Hands-free driving that makes use of artificial intelligence and machine 
learning. This milestone is important as the industry is actively moving into fully autonomous 
vehicles. With this challenge problem, BEACON is afforded insight into the timely demands of 
this technology for research and instructional purposes. 

Goodman (MSU) obtained a challenge problem provided by NASA through DARPA, 
relating to optimization of the design of solid fuel rocket grains. 

Harrison (NCAT) has obtained from an industrial collaborator a challenge problem relating 
to how to non-intrusively detect biomarker signatures of disease 

3. Spinoffs formed. Digital Certainty was a BEACON-related spinoff, successfully 
established by Risto Miikkulainen in the 2011 reporting period. Digital Certainty, Inc. was 
acquired by Sentient Technologies, Inc. in May 2016. Sentient 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 was on leave from UT Austin 
2015-2017, working at Sentient Technologies, Inc. on applications of evolutionary computation 
in general, and neuroevolution in particular; he has since returned full time to UT Austin. 
Sentient also started a summer internship program in 2016, employing three BEACON students. 
In 2017, Miikkulainen became Vice President of Research at Sentient and in 2018 became CTO 
at Sentient. Sentient Ascend was bought out by Evolv Technologies in March 2019. In 2018, 
Jeffrey Barrick (UT) established an LLC spinoff called Evolvomics. This spinoff was a result of 
Barrick and collaborator participating in the NSF I-Corps program, where their project was to 
develop an online software analysis pipeline for scientists at strain engineering companies. Their 
company submitted an STTR grant in December 2017, but it was not funded. Nonetheless, they 
have managed to establish a small client base. 

Cognizant acquired Sentient’s research team at the end of 2018, establishing an 
“Evolutionary AI” research group there. Risto Miikkulainen consults for this team on a part-time 
basis. In 2020 they funded 3 internships for BEACON students. 

During this reporting period, Paul Rowley (UI) formed a new company, Toxion 
Pharmaceuticals, based on his BEACON-supported research to produce antifungal proteins to 
treat vulvovaginal candidiasis. 
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2d. Knowledge Transfer plans for the next reporting period 
• We intend to continue our productive knowledge transfer activities. 
• 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: 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 was taken on by 
others. She continues to collaborate with BEACON faculty in her own research program. 
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The successful BEACON External Faculty Affiliate program stopped recruiting new affiliates 
after Dr. Grabowski’s appointment, but all remain active in BEACON. Dr. Briscoe and Dr. 
Turner continue to recruit students and postdocs who are highly engaged with 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) 
group in Colorado. We are currently in a no-cost extension and recently resubmitted our main 
study paper that was accepted with revision and are working on testing the Quantitative 
Reasoning Instrument developed for the project with undergraduate STEM majors. We anticipate 
submission of the instrument paper during the spring. 
 
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), Concord Consortium  
Narrative: Louise Mead is also co-PI on a funded DRK12 project focused on connecting 
genetics and evolution within the NGSS 3-Dimensional learning framework for high school 
biology. The project is also in a no-cost extension and we are working with the Concord 
Consortium to finalize our outputs for this project as well. https://learn.concord.org/connectedbio 
 
Activity: Evolution education and outreach activities 
Organizations/people involved: Society for the Study of Evolution, Society for Systematic 
Biologists, American Society of Naturalists 
Narrative: The pandemic unfortunately resulted in the cancelation of most events for 2020-
2021, but we continue to plan for future events and are working on a grant proposal to facilitate 
the recruitment of undergraduate students into REU programs.  
 
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 
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. PI Ofria is the current president of ISAL and 
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an associate editor for the Artificial Life Journal. BEACON Members Emily Dolson and 
Wolfgang Banzhaf are also members of the ISAL board, Acacia Ackles (a PhD student in 
BEACON) is president of the ISAL Student Association, and Chris Adami is also an associate 
editor for the Artificial Life Journal. 
 

2b. Other outcomes or impacts of partnership activities not listed elsewhere 
None to report. 

 
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 plans to maintain these successful relationships and collaborations in our post-

STC phase. 
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VI. DIVERSITY 
 

1a. Overall goals for increasing diversity at the Center 
BEACON effectively institutionalized its two overarching diversity goals of 1) ensuring that 

diversity is represented as an inclusive and connecting thread throughout the consortium, and 2) 
exceeded national norms for diversity at all levels across the consortium. These outcomes were 
embedded in a clear and consistent message, and demonstrated within research opportunities, 
grant submissions, broader impacts efforts, educational and outreach activities, formal mentoring 
training/support, fellowships, and direct student support funding. BEACON completed its 10th 
year with great pride in our sustained diversity outcomes and accomplishments.  

 
BEACON’s Diversity Profile 

BEACON's membership has remained stable 
with 53% White, 24% Black, 10% Asian, 5% 
Hispanic/Latino, 1% Native American/Alaskan 
Native, and 7% two or more races. Displayed is a 
categorical breakdown of BEACON's diverse 
participants.  

 
BEACON’s Diversity Committee 

BEACON has a Diversity Committee with 
representatives from all the partner schools, 
including graduate students/post-docs (see 
Organizational Chart, Appendix B). The Committee consisted of "decision-maker" 
representatives from each partner school. Constant monitoring of diversity progress with 
continuous and active feedback and improvement was critical to sustained success. 

By having many points of feedback with "gatekeepers" across the partner school at every 
level; e.g., undergraduates, graduates, post-docs, faculty, staff, etc. in the classrooms, labs and 
fieldwork, BEACON was able to identify unmet needs and gaps problems quickly, problem 
solve, and share successes.  

The Diversity Director worked "top down" with the Diversity Committee and faculty, and 
"bottom up" with graduate students and post-docs, using active involvement and advocacy to 
meet and exceed diversity and inclusion expectations. In February 2020, BEACON’s Diversity 
Director, Judi Brown Clarke, moved on to a wonderful opportunity to serve as Vice President of 
Equity & Inclusion and Chief Diversity Officer at Stony Brook University. We have Constance 
James now acting in this role as we continue with our overall goals. 

 

1b. Performance and Management Indicators  
Now that our STC funding period has ended, BEACON can no longer support the 

infrastructure needed to closely track the demographics of our membership. Instead, we are now 
focusing our efforts on providing research and funding opportunities for undergraduate and 
graduate students from underrepresented groups.  
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1c. Problems encountered 
BEACON's Diversity Director Judi Brown Clarke accepted a position as Chief Diversity 

Officer at Stony Brook University in February 2020 (and has since been promoted to Vice 
President of Equity & Inclusion). Constance James has taken over the most important parts of the 
position of Diversity Director, in particular keeping our undergraduate research programs 
running, but we no longer have a full-time Diversity Director.  

 

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.  

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. 
This has been an excellent program for us in years past; but this year, because of restrictions due 
to Covid-19, we were unable to facilitate this residential experience.  

However, because BEACON secured $40,000 from MSU’s Office of the Provost–
Undergraduate Education/Undergraduate Research (UG-ED/Research), we were able to offer a 
non-residential version (condensed) for students to work with a mentor to help guide their 
research and laboratory training. This program was provided as a hybrid version to allow for 
those students who could not come to campus. The students' research activities were aligned with 
BEACON’s mission of studying evolution in action. They also participated in professional 
development programming throughout the program. Six students participated in this program. 

We also had several students participate in a virtual workshop entitled Workshop for Avida-
ED Software Development (WAVES). This was a ten-week, full-time, fully-remote software 
development workshop during the summer of 2021. This workshop was organized in conjunction 
with the Avida-ED project. Avida-ED extends the full-fledged Avida software, originally 
developed for digital evolution research, as a freely-available, interactive web application. This 
web application enables laboratory activities that teach evolution through experiments with self-
replicating computer programs. Each WAVES workshop participant collaborated with an 
assigned mentor on a software development project related to Avida-ED or the underlying 
scientific software tools that power it. 
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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 project contributed 
not only to the research mission of BEACON, but also to BEACON’s goals for diversity and 
education. To those ends, it supported three graduate students and two undergraduate students 
who are from underrepresented groups, have disabilities, or both, and who conducted research on 
the LTEE lines. All five of these students are co-authors on papers either published, submitted, 
or in preparation. The project also supported two high-school biology teachers to develop 
microbial evolution-in-action experiments for their students.  

All three graduate students completed outstanding dissertation projects, thanks in large part 
to BEACON funding. Nkrumah Grant received his Ph.D. in Microbiology and Molecular 
Genetics from MSU in 2020. His dissertation research resulted in papers published in eLife 
(2020), Journal of Bacteriology, and The American Naturalist (2021). Nkrumah is now a 
postdoctoral researcher at the University of Idaho. Kyle Card also received his Ph.D. in 
Microbiology and Molecular Genetics from MSU in 2020. His dissertation research led to papers 
in PLOS Biology (2019), PNAS (2021), and Evolution (2021). Kyle is now a postdoctoral 
researcher at the Cleveland Clinic (Case Western Reserve University), where he is an HHMI 
Hanna Gray Fellow. Nkrumah and Kyle also successfully mentored two talented undergraduate 
students, Ali Abdel Magid and Jalin Jordan. Both Ali and Jalin have now graduated from MSU, 
and both coauthored papers with their mentors. Jay Bundy received his Ph.D. in Integrative 
Biology from MSU, having just defended in the summer of 2021. His dissertation has several 
chapters that should eventually be published, including one that was posted to bioRxiv and is 
now under revision for an excellent journal. Jay is about to start as a postdoc in the “Training 
Research Educators in Minnesota” program at the University of Minnesota. BEACON support 
has helped ensure that these exceptional individuals have been, and will continue to be, 
important contributors to our center’s legacy. 

 

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

 
 - 26 - 

Our definition goes beyond NSF’s traditional compliance-based interpretations 

DIVERSITY… 

•  Describes the unique identity-shaping 
characteristics that make up the scientific 
community. Some of the typical dimensions are 
described in the diversity wheel 

•  Diversity measures go beyond compliance with 
NSF’s protected populations 

•  Effective diversity management enables 
participants  to achieve individual and 
organizational goals by leveraging their different 
backgrounds, values, orientation, gender identity 

… is measured through INCLUSION 

•  The extent to which participants feel included and 
valued by the organization/consortium 

•  Inclusive organizations seek out and value 
participants’ contributions to advance the 
consortium’s overall success 

•  An inclusive workplace provides a structured 
environment to enable members to contribute with 
their unique individual and/or group characteristics 

Typical aspects of diversity 
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2c. Progress towards goals 
Key strategies to BEACON’s continued success:  
• Continuity of staff, leadership, vision and values 
• Stability of executive management, who were paid competitively and supported in their 

development of professional skills; e.g., encouraged to teach, solicit grants, conduct 
research, publish articles, and present/attend professional conferences 

• Diversity Committee consisted of “decision-maker” representatives from each partner 
school, which enabled constant monitoring of diversity progress with continuous and 
active feedback and improvement 

• Many points of feedback with “gatekeepers” across the partner school at every level; e.g., 
undergraduates, graduates, post-docs, faculty, staff, etc. in the classrooms, labs and fields; 
able to identify unmet needs and gaps problems quickly, problem solve, and share 
successes 

• Diversity Director worked “top down” with the Diversity Committee and faculty, and 
“bottom up” with graduate students and post-docs, using active involvement and 
advocacy 

Established structures to ensure outcomes:  
• Establish “buy-in” and ownership among the participants 
• Get people “leaning in” versus “leaning back” on diversity, equity and inclusion 
• Change the atmosphere by clarifying and operationalizing the core values 
• Establish a compelling argument using a cost-benefit business perspective that frames the 

“high performance” advantages of a diverse organization, e.g., diverse perspectives 
facilitate innovation and creative solutions  

 

2d. Plans for the next reporting period 
We will continue to recruit and support diverse undergraduate and graduate researchers, and 

to maintain diversity as a core value. 
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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.  

Project Selection Process. Throughout our 10 years of STC funding, projects at BEACON 
have been chosen through an annual selection process, in which BEACON members submit 
"budget requests" in early spring under one of seven categories: Thrust Group 1, 2, 3, or 4; 
Education; Diversity; or Other (which can include infrastructure requests). Research projects 
were 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 were evaluated by the Education Steering 
Committee while those focused on increasing diversity were evaluated by the Diversity Steering 
Committee. Projects designated “other” were reviewed by the Management team. Each budget 
request was evaluated on the basis of 9 criteria, each of which is rated on a scale from 1-5. There 
were 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 were required to include an evaluation plan. 
We conducted our final project selection process in 2019.  
 

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  

~25-30% of publications and 
presentations reported as 
interdisciplinary 

Number of students enrolled 
in cross-disciplinary courses  

Not offered this period 

Number of funding proposals 
submitted  

9 of 44 grant proposals 
submitted (21%) reported as 
interdisciplinary; 11 of 44 
(25%) inter-institutional 

Increase in cross-institutional 
research and education 

Number of paper/conference 
submissions  

~25-30% of publications and 
presentations reported to be 
cross-institutional  

Number of new courses and 
workshops  

No new courses this period 

Number of students in cross-
institutional courses  

Not offered this period 

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

Number of submissions  BEACON researchers 
submitted 44 proposals for 
external funding concerning 
evolution in action, and 
>$11M in external funding 
was granted 

Award dollars  BEACONites have been 
awarded over $11M from 
outside BEACON in this 
reporting period, exceeding 
goal of $5M/year 

Effective support of Center 
operations by Management 
team 

Survey for participants about 
management team  

None to report this year. 

Feedback from External 
Advisory Committee 

None to report this year. 

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  

NSF continues to cite 
BEACON as an example of a 
successful STC, and 
BEACON Directors 
Goodman and Ofria both 
regularly speak at NSF-
sponsored events about 
effective center management. 
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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. Recent years show that this rate 
has largely plateaued. This plateauing is not unexpected and is at a level viewed as very 
acceptable by BEACON management. The graph below does not include the current reporting 
period's numbers, as we are past our STC funding periods and as a result reported numbers have 
dropped significantly (24-30% in all categories). However, it should be noted that we asked for a 
voluntary notation indicating whether the publication fell into these categories, rather than 
providing a checkbox. We believe this number is severely underreported as a result and is likely 
not useful. 

  
 
Education: BEACON’s Introduction to Computational Methods in Biology has been 

replaced by a course with identical content in the new CMSE (Computational Mathematics, 
Science, and Engineering) department at MSU. 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 under the direction of Dr. Tracy Teal. Data Carpentry and the new combined 
organization arose due to BEACON and its collaboration with sister NSF biology centers, and 
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serve the national community of biologists interested in learning how better to apply 
computational methods in their research.  

Funding sources: BEACON researchers reported submitting 44 grant proposals for well 
over $68M during this reporting period, 9 (21%) of which were self-reported as interdisciplinary, 
and 11 (25%) as inter-institutional. Of these, 13 have been funded so far. Total funded was over 
$11M in external funds, from NSF, NIH, and the Burroughs Welcome Fund, among others.  

 
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. However, because of the COVID-19 pandemic, face-to-face interaction is not 
currently an option. Our final BEACON Congress in August 2020 was held online. We used 
Crowdcast for the plenary talks, Zoom for all other sessions, and Slack for text-based 
communication. We conducted a post-Congress survey and the feedback was very positive. We 
expect that we will hold another virtual Congress in 2021.   

Shift in focus and support from Michigan State University. In previous years, the Michigan 
State University administration had been very supportive of BEACON’s model of providing seed 
funding for new collaborative projects. They are now changing their terms of support for 
BEACON, instead asking us to focus our efforts towards creating larger externally-funded 
centers. This change in strategy by MSU has hindered our efforts to maintain our collaborative 
and inclusive community of evolution-in-action researchers. 

 

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. Now that we are past our STC period and 
no longer have funds for an information technologist to maintain our own system, we are 
transitioning our infrastructure to widely available platforms that offer technical support. These 
platforms will also be more accessible to members outside of our five original universities. We 
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have been using Google Forms for internal reporting, and have begun shifting our mailing list 
over to groups.io. 

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 blog posts by BEACON students, postdocs, and 
faculty describing their research at a level accessible to the scientific public regularly 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 on the main BEACON page and the 
Research page on the public website. 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.  

Videocommunications systems. We now hold our bi-weekly BEACON seminars on Zoom. 
 

3. Names and affiliations of the Center's external advisors  
There were no changes to the BEACON External Advisory Board in 2021.  
 

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 

As BEACON is in the process of sunsetting as an STC, we did not hold a meeting of the 
External Advisory Committee in 2021.  

  

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.  



BEACON 2021 Annual Report  VIII. Center-Wide Outputs, page 55 

VIII. CENTER-WIDE OUTPUTS AND ISSUES 
 

1a. Center publications 
 

 Peer-Reviewed Publications  
 

1. Sarah Albani, Acacia L. Ackles, Charles Ofria, Clifford Bohm; July 19–23, 2021. The 
Comparative Hybrid Approach to Investigate Cognition across Substrates. Proceedings of 
the ALIFE 2021: The 2021 Conference on Artificial Life. ALIFE 2021: The 2021 
Conference on Artificial Life. Online. (pp. 110). ASME. 
https://doi.org/10.1162/isal_a_00453 

2. Ålund, M., N. Emery, B. Jarrett, K. MacLeod, H. McCreery, N. Mamoozadeh, J.G. 
Phillips, J. Schossau, A. Thompson, A. Warwick, K. Yule, E. Zylstra, and E. Gering. 2020. 
A clear and sustainable vision for training the growing postdoctoral workforce. Nature 
Ecology & Evolution 4:777–781. 

3. Ålund, M., B. Harper, S. Kjærnested, J.E. Ohl, J.G. Phillips, J. Sattler, J. Thompson, J.E. 
Vargas, S. Wargenau, J.W. Boughman, and J. Keagy. In revision. Sensory environment 
affects Icelandic threespine stickleback’s anti-predatory escape behavior. Proceedings of 
the Royal Society B. 

4. Atolia, E., S. Cesar, H. A. Arjes, M. Rajendram, H. Shi, B. D. Knapp, S. Khare, A. Aranda-
Díaz, R. E. Lenski, and K. C. Huang.  2020.  Environmental and physiological factors 
affecting high-throughput measurements of bacterial growth.  mBio 11: e01378-20. 

5. W. Banzhaf, The Effects of Taxes on Wealth Inequality in Artificial Chemistry Models of 
Economic Activity, PLoS One, 16 (8) (2021) e0255719 

6. Borin, J.M., Avrani, S., Barrick, J.E., Petrie, K.L., Meyer, J.R. Coevolutionary phage 
training leads to greater bacterial suppression and delays the evolution of phage resistance. 
Proc. Natl. Acad. Sci. U.S.A. 118:e2104592118. 

7. Boughman, J.W., C. Byron, H. Chung, S.D. Fisette, E. Gering, J.G. Phillips, and Z. Wang. 
In revision. The ecology and genetics of rapid adaptation in a changing world. Current 
Zoology. 

8. Boyd S. Rhinehardt K. Ewunkem J. Harrison SH. Thomas MD. Graves JL. Experimental 
Evolution of Copper Resistance in Escherichia coli, Frontiers in Microbiology, section 
Antimicrobials, Resistance and Chemotherapy (under review). 

9. Brown, A.K., Holekamp, K.E. & Strauss, E.D. (2021) Infanticide by females is a leading 
source of juvenile mortality in a large social carnivore. American Naturalist. 198 (5): 
DOI:10.1086/716636. 

10. Brown AK, Pioon MO, Holekamp KE, Strauss ED (2021). Infanticide by females is a 
leading source of juvenile mortality in a large social carnivore. The American Naturalist 
198. https://doi.org/10.1086/716636. 

11. Bundy, J. N., C. Ofria, and R. E. Lenski. 2021. How the footprint of history shapes the 
evolution of digital organisms. bioRxiv 
[https://www.biorxiv.org/content/10.1101/2021.04.29.442046v1] 

12. Burmeister, A. R., R. M. Sullivan, J. Gallie, and R. E. Lenski. 2021. Sustained coevolution 
of phage Lambda and Escherichia coli involves inner- as well as outer-membrane defences 
and counter-defences. Microbiology 167: 001063.  
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13. Campbell Grant, E.H., K.P. Mulder, A.B. Brand, D.B. Chambers, A. Wynn, G. Capshaw, 
M.L. Niemiller, J.G. Phillips, S.R. Kuchta, and R.C. Bell. In review. Evolutionary and 
population assessment of the West Virginia Spring Salamander (Gyrinophilus 
subterraneus) endemic to General Davis Cave, WV. Conservation Genetics. 

14. Card, K. J., J. Jordan, R. E. Lenski. 2021. Idiosyncratic variation in the fitness costs of 
tetracycline-resistance mutations in Escherichia coli. Evolution 75: 1230-1238.  

15. Card, K. J., M. Thomas, J. L. Graves, Jr., J. E. Barrick, and R. E. Lenski.  2021.  Genomic 
evolution of antibiotic resistance is contingent on genetic background following a long-
term experiment with Escherichia coli. Proceedings of the National Academy of Sciences, 
USA, 118: e2016886118. 

16. Chan, M. E., Bhamidipati, P. S., Goldsby, H. J., Hintze, A., Hofmann, H. A., & Young, R. 
L. (2021). Comparative transcriptomics reveals distinct patterns of gene expression 
conservation through vertebrate embryogenesis. Genome Biology and Evolution, 13(8), 
evab160. 

17. Chen SZ, Sosinski LM, Burke JT, Johnston JB, Ravi J. MolEvolvR: A webapp for 
characterizing proteins using molecular evolution and phylogeny. [Webapp: 
http://jravilab.org/molevolvr] [Submitting to bioRxiv; Mol Biol Evol, Oct ‘21] 

18. Consuegra, J., Gaffé, J., Lenski, R. E., Hindré, T., Barrick, J. E., Tenaillon, O., Schneider, 
D. (2021) Insertion-sequence-mediated mutations both promote and constrain evolvability 
during a long-term experiment with bacteria. Nat. Commun. 12:980. 

19. Deatherage, D.E., Barrick, J.E. (2021) High-throughput characterization of mutations in 
genes that drive clonal evolution using multiplex adaptome capture sequencing. Cell 
Systems. Epub Sept 17. 

20. Dickinson, K.; Mukerji, J.; Graham, S.; Warfield, L.; Kerr, B. A Course-Based 
Undergraduate Research Experience on the Evolution of Antibiotic Resistance and its 
Molecular Basis. Preprints 2021, 2021070420 (doi: 10.20944/preprints202107.0420.v1) -- 
In Revision 

21. Evans M. Williams S. Graves JL. Tishkoff S. Race in Medicine—Genetic Variation, Social 
Categories, and Paths to Health Equity, New England J. Medicine September 2021. 

22. Ewunkem JA, Rodgers M, Campbell D, Staley C, Subedi K, Boyd S, and Graves JL. 
Experimental evolution of magnetite resistance in Escherichia coli, Nanomaterials, 2021. 
[Editors Choice, 04-07-21, https://www.mdpi.com/journal/nanomaterials/editors_choice ]. 

23. Farr, M.T., Green, D.S., Holekamp. K. E. & Zipkin, E.F. (2021) Integrating distance       
sampling and presence-only data to estimate abundance. Ecology. 102: e03204. 

24. F. Fernandez de Vega, G. Olague, D. Lanza, W. Banzhaf, E. Goodman, J. Menendez-
Clavijo and A. Martinez, Time and Individual Duration in Genetic Pro- gramming, IEEE 
Access, 8 (2020) 38692 - 38713 

25. Ferro LE, Sugino KY, Klepac-Ceraj V, Comstock SS. The abundance of human milk 
oligosaccharide (HMO) metabolizing genes in fecal samples from 6-month-old human 
infants. 2021 Jun 22;9(7):1352. doi: 10.3390/microorganisms9071352. PMID: 34206664 

26. Fredericks LR, Lee MD, Eckert HR, Li S, Shipley MA, Roslund CR, et al. Vaginal Isolates 
of Candida glabrata Are Uniquely Susceptible to Ionophoric Killer Toxins Produced by 
Saccharomyces cerevisiae. Antimicrob Agents Ch. 2021;65: e02450-20. 
doi:10.1128/aac.02450-20 

27. M. Gao and K. J. Liu, “Statistical analysis of GC-biased gene conversion and 
recombination hotspots in eukaryotic genomes: a phylogenetic hidden Markov model-
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based approach”, Pro- ceedings of the 12th ACM Conference on Bioinformatics, 
Computational Biology, and Health Informatics (BCB ’21), Association for Computing 
Machinery, New York, NY, USA, article 15, pp. 1–24, 2021, DOI: 
10.1145/3459930.3469509. 

28. Gering, E., Laubach, Z.M., Weber, P., Hussey, G.S., Lehmann, K.D.S., Montgomery, 
T.M., Turner, J.W., Perng, W., Pioon, M.O., Holekamp, K.E. & Getty, T. (2021) 
Toxoplasma gondii infections are associated with costly boldness toward felids in a wild 
host. Nature Communications. 12, Article number: 3842. Published 22 June, 2021. 

29. Gifford, I., Dasgupta, A., Barrick, J.E. (2020) Rates of gene conversions between 
Escherichia coli ribosomal operons. G3 11:jkaa002 

30. Goh, G. K., Dunker, A. K., Foster, J. A., & Uversky, V. N. (2021). Feasibility study of 
vaccine development for SARS-CoV-2 and other viruses using shell disorder analysis. 
Pacific Symp. Biocomp. 143-153. DOI 10.1142/9789811232701_0014  

31. Gonzalez, S. and Miikkulainen, R. (2021). Optimizing Loss Functions Through 
Multivariate Taylor Polynomial Parameterization. In Proceedings of the Genetic and 
Evolutionary Computation Conference (GECCO-2021). 

32. Gonzalez, S., Kant, M., and Miikkulainen, R. (2021). Evolving GAN Formulations for 
Higher Quality Image Synthesis.  arXiv:2102.08578 

33. Gonzalez, S. and Miikkulainen, R. (2021). Effective Regularization Through Loss-
Function Metalearning.  arXiv:2010.00788 

34. Grant, N. A., A. Abdel Magid, J. Franklin, Y. Dufour, and R. E. Lenski. 2021. Changes in 
cell size and shape during 50,000 generations of experimental evolution with Escherichia 
coli. Journal of Bacteriology 203: e00469-20.  

35. Graves JL. God is Good (Well Maybe Not Chuck), in Greene R. (Ed.) Supernatural and 
Philosophy II, (Chicago IL: Carus Books), 2022. 

36. Graves JL. Human biological variation and the “Normal” for American J. Human Biology 
e23658, DOI: 10.1002/ajhb.23658, 2021. 

37. Greenberg, J.R., Montgomery, T.M., Holekamp, K.E., & Beehner, J.C. (In press) Effects of 
drying method and prey hair content on fecal steroid hormone concentrations in predatory 
mammals. Journal of Mammalogy. 

38. Haddad EN, Comstock SS. Archive for Research in Child Health (ARCH) and Baby Gut: 
Study Protocol for a Remote, Prospective, Longitudinal Pregnancy and Birth Cohort to 
Address Microbiota Development and Child Health. Methods Protoc. 2021 Aug 3;4(3):52. 
doi: 10.3390/mps4030052. PMID: 34449678 

39. Haddad EN, Sugino KY, Kerver JM, Comstock SS. Fecal Bacterial Communities Differ by 
Lactation Status in Post-Partum Women and their Infants. Accepted. Journal of Human 
Lactation. 2021. 

40. Haddad EN, Sugino KY, Paneth N, Comstock SS. The Infant Gut Microbiota at 12 Months 
of Age: A Michigan Cohort. (2021) Accepted: March 23. Curr Res Physiol. 2021;4:94-102. 
doi: 10.1016/j.crphys.2021.03.004. Epub 2021 Mar 26. PMID: 34136830 

41. Han J, Nepal P, Odelade A, Freely FD2, Belton DM, Graves JL, Maldonado-Devincci AM, 
Time course analysis of high fat diet-induced weight gain, behavioral deficits, and 
dopamine changes in young C57BL/6J mice, Frontiers in Nutrition, section 
Neuroenergetics, Nutrition and Brain Health, Front. Nutr., 20 January 2021 | 
https://doi.org/10.3389/fnut.2020.591161. 
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42. Hirano, T., N. Recla, I. Oiler, J.G. Phillips, and C.E. Parent. 2020. Occurrence of 
Galápagos land snail assemblage in tree sap: a novel hypothesis for how snails are 
preserved in amber. Journal of Molluscan Studies 86:263–266. 

43. T. Hu, M. Tomassini and W. Banzhaf, A Network Perspective on Genotype- Phenotype 
Mapping in Genetic Programming Genetic Programming and Evolvable Machines, 21 
(2020) 375 - 397 

44. Ilany, A., Holekamp, K.E. & Akcay, E. (2021) Rank-dependent social inheritance 
determines social network structure in spotted hyenas. Science.  373: 348-352. On the 
cover of the July 16 issue, 2021. 

45. Incorvaia, D. C., Hintze, A., & Dyer, F. C. (2021). Spatial allocation without spatial 
recruitment in bumblebees. Behavioral Ecology, 32(2), 265-276. 

46. Johnson-Ulrich, L., Yirga, G., Strong, R.L., & Holekamp, K.E. (2021) The effect of 
urbanization on innovation in spotted hyenas. Animal Cognition. Published 9 March 2021. 
DOI: 10.1007/s10071-021-01494-4. 

47. S. Kelly, R.J. Smith, M.I. Heywood, and W. Banzhaf, Emergent tangled program graphs in 
partially observable recursive forecasting and ViZDoom navigation tasks, ACM 
Transactions on Evolutionary Learning and Optimization, 1 (2021) 1 - 41 

48. S. Kelly, J. Newsted, W. Banzhaf and C. Gondro, A Modular Memory Framework for 
Time Series Prediction, Proc. of the Genetic and Evolutionary Computation - GECCO 
2020, Cancun, Mexico, C. Coello Coello and others (Eds.), ACM Press, New York, 949 - 
957" 

49. Kirkpatrick, D., & Hintze, A. (2021, July). Using MAP-Elites to direct the evolution of 
desired neural characteristics. In ALIFE 2021: The 2021 Conference on Artificial Life. 
MIT Press. 

50. Douglas Kirkpatrick, Victoria Cao, Clifford Bohm; July 19–23, 2021. Tracking data flow 
in digital brains exposes coincidental encryption. Proceedings of the ALIFE 2021: The 
2021 Conference on Artificial Life. ALIFE 2021: The 2021 Conference on Artificial Life. 
Online. (pp. 114). ASME. https://doi.org/10.1162/isal_a_00458 

51. Alexander Lalejini, Austin J. Ferguson, Nkrumah A. Grant, and Charles Ofria (2021). 
Adaptive Phenotypic Plasticity Stabilizes Evolution in Fluctuating Environments. Frontiers 
in Ecology and Evolution, Vol. 9. 

52. Laubach, Z. M., Gering, E., Yang, E., Montgomery, T.M., Getty, T. & Holekamp, K.E. (In 
Review) Associations between Toxoplasma gondii infection and steroid hormone levels in 
spotted hyenas. International Journal for Parasitology. 

53. Laubach, Z.M., Greenberg, J.R., Turner, J.W., Tracy Montgomery, T.M., Sawdy, M. A., 
Pioon,     M.O. Smale, L., Cavalcante, R., Padmanabhan, K.R., Lalancette, C., vonHoldt, 
B., Faulk, C.D.,Dolinoy, D. C., Holekamp, K.E., Perng, W. (2021) Early-life social 
experience affects offspring DNA methylation and later life stress phenotype. Nature 
Communications. 12:4398 Published 20 July, 2021. DOI 10.1038/s41467-021-24583-x 

54. Lehman, J., Clune, J. Misevic, D., Adami, C., Beaulieu, J., Bentley, P. J., Bernard, S., 
Beslon, G. Bryson, D. M., Carrere, F., Cheney, N., Cully, A., Doncieux, S., Dyer, F. C., 
Ehinger, A., Ellefsen, K. O., Feldt, R. Fischer, S., Floreano, D. Forrest, S., Frenoy, A., 
Gagne, C., Le Goff, L., Grabowski, L. M., Hodjat, B., Keller, L., Knibbe, C., Krcah, P., 
Lenski, R. E., Lipson, H., MacCurdy, R. Maestre, C., Mansanne, F., Miikkulainen, R., 
Mitri, S. Moriarty, D. E., Mouret, J.-B., Nguyen, A., Ofria, C., Parizeau, M., Parsons, D., 
Pennock, R. T., Punch, W. F., Ray, T. S., Schoenauer, M., Schulte, E., Sims, K., Stanley, 
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The Surprising Creativity of Digital Evolution: A Collection of Anecdotes from the 
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71. Ollodart AR, Yeh CC, Miller AW, Shirts BH, Gordon AS, Dunham MJ. Genetics. 2021. 
Multiplexing Mutation Rate Assessment: Determining Pathogenicity of Msh2 Variants in 
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82. Rojas, C.A., Ramírez-Barahona, S.A., Holekamp, K.E. & Theis, K. R. (2021) Host 
phylogeny and host ecology structure the mammalian gut microbiota at different taxonomic 
scales. Animal Microbiome. 3: 33. https://doi.org/10.1186/s42523-021-00094-4. 

83. Rojas, C.A., Theis, K.R., Souza, V., Viladomat, M. & Holekamp, K.E. (In review) The gut 
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Society London B. 

90. Strauss ED, Shizuka D. The ecology of inequality in animal societies (in revision). 
Proceedings of the Royal Society, B. http://ecoevorxiv.org/m4st9/. 

91. Strauss ED, DeCasien AR, Galindo G, Hobson EA, Shizuka D, Curley JP (in review after 
revision). DomArchive: a century of published dominance data. Philosophical Transactions 
of the Royal Society, B.  

92. Strauss ED, Shizuka D (in revision). The dynamics of dominance: open questions, 
challenges, and solutions. Philosophical Transactions of the Royal Society, B. 
http://ecoevorxiv.org/xpnyw/. 

93. Sugino KY, Ma T, Paneth N, Comstock SS. Effect of Environmental Exposures on the Gut 
Microbiota from Early Infancy to 2 Years of Age. Accepted. Microorganisms. 

94. Sugino KY, Ma T, Kerver J, Paneth N, Comstock SS. (2020) Human milk feeding patterns 
at six months of age are the major determinants of fecal bacterial diversity in infants. J 
Human Lactation, Online ahead of print. PMID: 32926654 

95. Taylor MB, Skophammer R, Warwick AR, Boyer JM, yEvo Students, Walson M, Large 
CRL, Hickey AS, Rowley PA, Dunham MJ. yEvo: Experimental evolution in high school 
classrooms selects for novel mutations and epistatic interactions that impact clotrimazole 
resistance in S. cerevisiae.  bioRxiv. May 3, 2021. 

96. Thomas MD. Ewunkem J. Williams DK, Moore A. Rhinehardt K. Van Beveren E. Yang B. 
Boyd S. Tapia A. Han J. and Harrison SH. Graves JL, Too much of a good thing: 
Adaptation to iron (II) intoxication in Escherichia coli, Evolution, Medicine, and Public 
Health, 2021. 

97. Andrew W. Thompson, Amanda C. Black, Yu Huang, Qiong Shi, Andrew I. Furness,  Ingo 
Braasch, Federico G. Hoffmann, Guillermo Ortí (2021) Deterministic shifts in molecular 
evolution correlate with convergence to annualism in killifishes. bioRxiv 
2021.08.09.455723; doi: https://doi.org/10.1101/2021.08.09.455723  

98. Turner, J. W., Alec L. Robitaille, Bills, P.S., & Holekamp K. E. (2021) Early life 
relationships matter: Social position during early life affects fitness among female spotted 
hyenas. Journal of Animal Ecology 90:183-202. DOI: 10.1111/1365-2656.13282 
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99. Tutum, C., Abdulquddos, S., and Miikkulainen, R.  (2021). Generalization of Agent 
Behavior through Explicit Representation of Context. In Proceedings of the 3rd IEEE 
Conference on Games (COG-2021). 

100. van Raay, K., S. Stolyar, J. Sevigny, J. A. Draghi, R. E. Lenski, C. J. Marx, B. Kerr, and L. 
Zaman. 2021. Evolution with private resources reverses some changes from long-term 
evolution with public resources. bioRxiv 
[https://www.biorxiv.org/content/10.1101/2021.07.11.451942v1] 

101. W. Wang, A. Hejasebazzi, J. Zheng, and K. J. Liu, “Build a better bootstrap and the 
RAWR shall beat a random path to your door: phylogenetic support estimation revisited”, 
Proceedings of the 24th Conference on Intelligent Systems for Molecular Biology (ISMB) 
and the 20th European Conference on Computational Biology (ECCB), virtual conference, 
2021. Conference paper published in Bioinformatics, vol. 37, issue Supplement 1, p. i111–
i119, 2021, DOI: 10.1093/bioinformatics/btab263. 

102. W. Wang, J. Smith, H. A. Hejase, and K. J. Liu, “Non-parametric and semi-parametric 
support estimation using SEquential RESampling random walks on biomolecular 
sequences”, Algorithms for Molecular Biology, vol. 15, no. 1, p. 7, 2020, DOI: 
10.1186/s13015-020-00167-0. 

103. W. Wang, Q. Wuyun, and K. J. Liu, “An application of random walk resampling to 
phylogenetic HMM inference and learning,” IEEE Transactions on NanoBioscience, vol. 
19, no. 3, pp. 506- 517, 2020, DOI: 10.1109/TNB.2020.2991302. 

104. Warwick, A.R., J.G. Phillips, J.K. Scoggin, C.E. Parent, and B.G. Miller. In revision. 
Fostering understanding of evolution in Galápagos elementary students using endemic land 
snails. Journal of STEM Outreach. 

105. Whittaker, D. J., J. C. Hagelin. 2020. Female-based patterns and social function in avian 
chemical communication. Journal of Chemical Ecology. DOI 10.1007/s10886-020-01230-
1  

106. Y. Yuan and W. Banzhaf, Expensive Multi-Objective Evolutionary Optimization Assisted 
by Dominance Prediction, IEEE Transactions on Evolutionary Computa- tion, IEEE Early 
Access, DOI 10.1109/TEVC.2021.3098257 

107. Y. Yuan and W. Banzhaf, ARJA: Automated Repair of Java Programs via Multi- Objective 
Genetic Programming, IEEE Transactions in Software Engineering, 46 (2020) 1040 -1067 

108. Y. Yuan and W. Banzhaf, Towards Better Evolutionary Software Repair: An Integrated 
Approach ACM Transactions on Software Engineering and Methodology, 29 (2020) 5:1 - 
5:53  

 
 Book Chapters 

 
1. Graves JL, Out of Africa: Where Faith, Race, and Science Collide, in Critical Approaches 

to Science and Religion (Myrna S. and Keel T. eds), 2022. 
2. Graves JL., Fighting the Power: Race and Genomics in the 21st Century, A paper for: 

Science With Passion and A Moral Compass: A Symposium in Honor of John 
Vandermeer, (Ann Arbor, MI: U. Michigan Press), pp. 5--15, 2020. 

3. Graves JL, Ewunkem AJ, Thomas MD, Han J, Rhinehardt KL, Boyd S, Edmondson R, 
Jeffers-Francis L, and Harrison SH. 2020. Experimental Evolution of Metal Resistance in 
Bacteria. In Banzhaf et al. (Eds.) Evolution in Action—Past, Present, and Future, pp. 91—
106, (Cham, Switzerland: Springer 2 International Publishing, AG).  
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4. Graves JL. In Defense of the ""Orthodoxy"": Who We Really Are and Why Some Folks 
Have a Problem With it.  Vernon Farmer (Ed.), Critical Race Theory in the Academy, 
New World Publishers, 2020, pp. 107—126. 

5. Niemiller, M.L., E.T. Carter, D.B. Fenolio, A.G. Gluesenkamp, and J.G. Phillips. 2021. 
Accepted for Publication. Drivers of subterranean colonization and diversification in cave-
dwelling salamanders. Invited book chapter IN Cave Ecology (ed. J. Wynne). 

6. Robert T. Pennock. “Darwinism.” In Ruse, M. & Bullivant, S. (ed.) The Cambridge 
History of Atheism. Cambridge University Press (2021, pp. 666-685) 

7. Smith, J.E. & Holekamp, K.E. (In review) Behavioral strategies and morphological 
adaptations contributing to hunting success in the spotted hyena. In Social Strategies of 
Carnivorous Mammalian Predators (edited by Srinivasan, L.B., and B. Würsig) Springer 
Nature Publishers, Switzerland. 

 
 Books 
 

1. Graves JL. Voice in the Wilderness: How Evolution Can Help Us Solve Our Biggest 
Problems (NY: Basic Books), 2022.  

2. Graves JL and Goodman A. Racism Not, Race: Answers to Frequently Asked Questions, 
Columbia University Press, 2021.  

3. Graves JL. Antimicrobial Nanomaterials: Principles and Applications, (Amsterdam: 
Elsevier), Simon Holt, Senior Editor for Micro- and Nanotechnology, in press, scheduled 
publication fall 2021.  

4. Whittaker, D. J. 2022. The Secret Perfume of Birds: Uncovering the Science of Avian 
Scent. Baltimore: Johns Hopkins University Press. 
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1b. Conference presentations 
  

1. Rachel C. Alcorn, Olivia E. Fitch, Ingo Braasch. Analysis of T-Box Gene Expression 
During Embryonic Fin Development in Spotted Gar. MSU University Undergraduate 
Research and Arts Forum (UURAF) 2021 

2. Banzhaf, W. "Why Evolution needs Guidance?", Keynote at the NEO Workshop 2021 on 
Numerical Evolutionary Optimization, Mexico City, Mexico 

3. Eric Berling, Chet McLeskey, Michael O'Rourke, Robert T. Pennock “Virtues-based 
Responsible Conduct of Research Education: BEACON and Beyond.” Poster presentation 
at BEACON Congress, online conference (8/20/21) 

4. Diane J. Blackwood, Matthew Rupp, Charles Ofria, Robert T. Pennock. Avida-ED 4: 
Adding More Resource Options. Poster presentation at BEACON Congress, online 
conference (8/20/21) 

5. Bohm C. Evolution 2021 - "The Free For All Effect: a possible explanation for periods of 
rapid evolution" 

6. Ingo Braasch. Odyssey of Strange Fish: Investigating ‘Ancient Fish’ Genomes and 
Development to Illuminate Vertebrate Evolution. Society for Integrative & Comparative 
Biology 2021 (virtual conference) 

7. Ingo Braasch. Genomic Journeys into a Lost World: Investigating Holostean Fish Genomes 
and Development to Illuminate Vertebrate Evolution. Evolution 2021 (virtual conference) 

8. Adriana Briscoe, Talk, "The evolution of coloration and color vision in Heliconius 
butterflies," BEACON Congress, MSU, 2021" 

9. Comstock SS. 2021. Human milk oligosaccharides and immune development. UK 
Nutrition Society Summer Conference. July 5-8, 2021. 

10. Comstock SS. 2021. Prebiotic dietary modifications to decrease intestinal inflammation in 
adult humans. FASEB Conference. The Nutrition, Immunity and Inflammation 
Conference: From Model Systems to Human Trials. July 27-29, 2021. Virtual. 

11. Olivia E. Fitch, Andrew W. Thompson, Camilla Peabody, Ingo Braasch. A tale of two tails: 
Developmental evolution of a key innovation in the fish caudal region. Society for 
Integrative & Comparative Biology 2021 (virtual conference) 

12. Haddad EN, Kerver JM, Comstock SS. 2021. Bacteroides is Associated with Archetypal 
Constituents of the Western Diet and Decreased Urinary Glycocholate in Pregnant Women. 
BEACON congress. Michigan State University. East Lansing, MI. 

13. Holekamp K. 2021: Distinguished Animal Behaviorist plenary lecture at the Animal 
Behavior Society Annual meeting, August 4, 2021 

14. Lenski, R. E.  2020. Keynote speaker, 1st International BioDesign Research Conference 
(virtual). 

15. Lenski, R. E.  2021. Invited speaker, World Microbe Forum, Symposium on “Using 
Experimental Evolution to Predict the Evolution of Microbes” (virtual). 

16. Liu K. “Build a Better Bootstrap and the RAWR Shall Beat a Random Path to Your Door: 
Phylogenetic Support Estimation Revisited.” BEACON 2021 Congress, virtual, August 19, 
2021. 

17. Liu K. “Statistical analysis of GC-biased gene conversion and recombination hotspots in 
eukaryotic genomes: a phylogenetic hidden Markov model-based approach.” 12th ACM 
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International Conference on Bioinformatics, Computational Biology and Health 
Informatics (BCB ’21), virtual conference, August 2, 2021. 

18. Liu K. “Build a Better Bootstrap and the RAWR Shall Beat a Random Path to Your Door: 
Phylogenetic Support Estimation Revisited.” 29th Conference on Intelligent Systems for 
Molecular Biology (ISMB) and 20th European Conference on Computational Biology 
(ECCB), virtual, July 28, 2021. 

19. Liu K. “Build a Better Bootstrap and the RAWR Shall Beat a Random Path to Your Door: 
Phylogenetic Support Estimation Revisited.” 2021 Evolution Scientific Meeting, virtual, 
June 21-25, 2021. 

20. Liu K. “Interspecific Introgressive Origin of Genomic Diversity in the House Mouse.” 5th 
Annual Re- search Symposium of the Michigan State University Ecology, Evolutionary 
Biology, and Behavior Program, East Lansing, MI, USA, May 7, 2021. 

21. Liu K. “Estimating Statistical Support Using Random Walk Resampling of Biomolecular 
Sequences.”American Society of Naturalists Virtual Asilomar Conference, January 11, 
2021. 

22. Miikkulainen R. Neuroevolution: A Synergy of Evolution and Learning. Plenary talk at the 
Congress on Evolutionary Computation (CEC-2021), July 2021 (online). 

23. Miikkulainen R. Evolution of Neural Networks. Tutorial at the Genetic and Evolutionary 
Computation Conference GECCO-2021 (Lille, France) July 2021 (online) 

24. Miikkulainen R. Evolution of Neural Networks. Tutorial at the Congress on Evolutionary 
Computation (CEC-2021), Krakow, Poland, June 2021 (online) 

25. Miikkulainen R. Panel on “AI Approaches for COVID-19” at the AI in a Post-COVID 
World Virtual Conference, May 2021 (online). 

26. Miikkulainen R. Panel on “Learning to Learn” workshop at the International Conference on 
Learning Representations (ICLR-2021), May 2021 (online). 

27. Miikkulainen R. Panel on "AI For Good in Action: Crowdsourcing AI for Future 
Resilience, Part 3", organized by ITU and XPRIZE, May 2021 (online). 

28. Miikkulainen R. Evolving to Learn and Learning to Evolve: Surprising Synergies of 
Evolution and Learning. Invited talk at the Learning to Learn workshop at the International 
Conference on Learning Representations (ICLR-2021), May 2021 (online). 

29. Miikkulainen R. Evolutionary Surrogate-Assisted Prescription. Invited talk at the IEEE CIS 
Workshop on Computational Intelligence and Machine Learning Applications, Hyderabad, 
India, September 2020 (online). 

30. Miikkulainen, R. (2021). Optimizing COVID-19 Interventions through Machine Learning. 
Abstract presented at the COVID-19 Workshop at the International Conference on 
Bioengineering, Biomedical Signal and Image Processing (BIOMESIP 2021), Gran 
Canaria, Spain. 

31. Robert T. Pennock “Skepticism in Science vs. Skepticism of Science” Great Lakes 
Regional Pediatrics Research Day online conference. (4/1/21) 

32. Robert T. Pennock ""Learning Evolution and the Nature of Science with Evolving Digital 
Organisms.” IPATEC-UNComahue, Argentina (11/25/20) 

33. Robert T. Pennock “Vocation, Expertise, Identity, and Virtue.” National Postdoctoral 
Association NPAW conference (9/20/21) 

34. Robert T. Pennock "How the Values of Diversity, Equity, and Inclusion Relate to the 
Scientific Virtues.” President-Elect Address, Sigma Xi 2020 Annual Meeting and Student 
Research Conference. (11/7/20) 
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35. Benjamin Person, Samantha Johns, Diane Blackwood, Robert T. Pennock “Learning 
Evolution through Play: Games as an Educational Tool” BEACON Congress, online 
conference (8/18/21) 

36. Phillips J. Society of Integrative and Comparative Biologists, 2021 
37. A.M. Raicu, D. Kadiyala, M. Niblock, Y. Yang, A. Jain, K. Bird, A. Seenivasan, K. 

Bertholf and D. N. Arnosti. The cynosure of CtBP: evolution of a bilatarian transcriptional 
corepressor. (BEACON, August 2021) 

38. Ravi, J. MolEvolvR web-application demos, Intelligent Systems for Molecular Biology, 
International Society for Computational Biology/European Council for Computational 
Biology 2021 (~7K+; 500 in each track) 

39. Ravi, J. MolEvolvR web-application demos, useR! 2021 (~2K) 
40. Ravi, J. MolEvolvR web-application demos, Great Lakes Bioinformatics 2021 (~2K)), 
41. Rowley P. 2021. Candida and Candidiasis Meeting 2021, Poster. 
42. Jory Schossau, Wesley Elsberry & Robert T. Pennock “Evolution of Instinctual Curiosity”. 

From Neuroscience to Artificially Intelligent Systems (NAISys) Cold Spring Harbor 
Laboratory conference. (11/10/20) 

43. Andrew W. Thompson, Myles Davoll, Harrison Wojtas, Ingo Braasch. The genome of the 
bi-annual Rio Pearlfish (Nematolebias whitei) informs the genetic regulation of diapause 
and environmentally-cued hatching in extreme environments. Evolution 2021 (virtual 
conference) 

44. Andrew W. Thompson, Myles Davoll, Harrison Wojtas, Ingo Braasch. The genome of the 
bi-annual Rio Pearlfish (Nematolebias whitei) informs the genetic regulation of diapause 
and environmentally-cued hatching. Society for Integrative & Comparative Biology 2021 
(virtual conference) 

45. Andrew W. Thompson, Myles Davoll, Harrison Wojtas, Ingo Braasch. The genome of the 
bi-annual Rio Pearlfish (Nematolebias whitei) informs the genetic regulation of diapause 
and environmentally-cued hatching in extreme environments. Nothobranchius Symposium, 
Brno, Czech Republic (virtual conference) 

46. Waters, C. Invited Conference Speaker, ASM Microbe, Virtual, June 2021 
47. Harrison Wojtas, Myles Davoll, Ingo Braasch, and Andrew W. Thompson. Hatching gland 

location and hatching enzyme evolution in annual killifishes. Society for Integrative & 
Comparative Biology 2021 (virtual conference) 
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1c. Other Dissemination Activities 
 

1. Arnosti DN. Editing the Human Genome: Tales of Prometheus. Great Lakes Lectures, 
February 11th, 2021 

2. Blount ZA. “Explorations of Historical Contingency, Novel Traits, Speciation, and More 
with a Microbial Time Machine”. Microbiology Seminar Series, Wageningen University, 
Wageningen, Netherlands. 

3. Blount ZA. “History’s Role in Evolution: Lessons from Experimental Evolution Studies 
with a Microbial Time Machine”. Leidse Biologen Club “The Test of Time Symposium”, 
Leiden, Netherlands. 

4. Blount ZA. “Eco-evolutionary Consequences of a Novel Trait in E. coli”. Ecology and 
Evolutionary Biology Symposium, Ekoloji ve Evrimsel Biyoloji Derneği, Turkey. 

5. Blount ZA. “Explorations of Historical Contingency, Novel Traits, Speciation and More 
with a Great Microbial Model System.” University of New Hampshire Department of 
Biological Sciences, Durham, NH. 

6. Blount ZA. “Explorations of Historical Contingency, Novel Traits, Speciation and More 
with a Great Microbial Model System.” Arkansas State University Department of Biology, 
Jonesboro, AR. 

7. Blount ZA. “Explorations of Historical Contingency, Novel Traits, Speciation and More 
with a Great Microbial Model System.” Kennesaw State University Department of 
Molecular and Cellular Biology, Kennesaw, GA. 

8. Comstock SS. 2020. The Gut Microbiota in Respiratory Syncytial Virus Patients in the 
Pediatric Intensive Care Unit. Pediatric Critical Care Medicine Grand Rounds, Grand 
Rapids, MI 

9. Dunham, M. University of Toronto Mississauga, seminar. 
10. Dunham, M. Emory University – seminar. 
11. Dunham, M. New York University – seminar. 
12. Graves JL. African Americans in Evolutionary Science, Distinguished Lecture: Social 

Justice, U. Wisconsin (Madison), Biology, April 8, 2021. 
13. Graves JL, Voice in the Wilderness: How Evolutionary Biology Can Help Us Our Biggest 

Problems, Mount St. Royal University, Alberta, CA, April 7, 2021. 
14. Graves JL, Human biology and the “normal”, Human Biology Association, March 31—

April 02, 2021. 
15. Graves JL, Racism, Not Race, for Postgenomic Determinisms, Ruhr University Bochum, 

https://www.ruhr-uni-bochum.de/philosophy/mam/wtwg/roto_workshop_2021_poster.pdf , 
March 25-26, 2021. 

16. Graves JL, Race-related health disparity, Genetics and Epidemiology Panel Discussion, 
Boston University, February 26, 2021. 

17. Graves JL, Everything You Wanted to Know About Race: But You Were Afraid to Ask, 
Sigma Xi Lunch Series, February 23, 2021. 

18. Graves JL, African Americans in Evolutionary Science, Genomics Seminar, North Carolina 
State University, February 22, 2021. 

19. Graves JL. Too much of a good thing: Excess Iron Adaptation in Escherichia coli; 
Genomics Lecture, Virginia State University, February 19, 2021. 

20. Graves JL, Evolutionary versus Racial Medicine: Why It Matters, Grand Rounds Series, 
UCLA Medical School, February 17, 2021. 
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21. Graves JL, African Americans in Evolutionary Science, Darwin Day Speaker, Texas A&M 
University, February 12, 2021. 

22. Graves JL, African Americans in Evolutionary Science, Black History Month Lecture 
Series, Jefferson County Public Schools, WV, February 3, 2021. 

23. Graves JL, African Americans in Evolutionary Science, A. Watson Armour Seminar 
Series, Chicago Field Museum, February 3, 2021. 

24. Graves JL, Everything You Wanted to Know About Race: But You Were Afraid to Ask, 
Dartmouth College, January 19, 2021. 

25. Graves JL, Everything You Wanted to Know About Race and Why That is Important to 
Evolutionary Medicine, Club EvMed, Triangle Center for Evolutionary Medicine, October 
1, 2020. 

26. Graves JL, Beyond Diversity and Inclusion: Science as a Tool for Social Justice, 
Department of Ecology and Evolutionary Biology, Stony Brook University, NY, 
September 30, 2020. 

27. Graves JL, Every You Wanted to Know About Race: But Were Afraid to Ask, University 
Program in Genetics and Genomics, Duke University, September 29, 2020. 

28. Graves JL, African Americans in Evolutionary Science, Address to the Graduate Student 
Associations of the Three Evolution Societies (Society for the Study of Evolution, 
American Society of Naturalists, Society of Systematic Biology), July 29, 2020, 
https://www.youtube.com/watch?v=DKepL1EQ5co;  

29. Graves JL. The genetics of race Part 1. Biologos, https://biologos.org/podcast-
episodes/joseph-graves-the-genetics-of-race-part-1/ 

30. Graves JL. The genetics of race Part 2. Biologos, https://biologos.org/podcast-
episodes/joseph-graves-the-genetics-of-race-part-2/ 

31. Holekamp K. 2021: Robert M. Storm Distinguished Lecture Series, Oregon State 
University, Corvallis, OR 

32. Holekamp K. 2020: International remote seminar organized by Duke University as part of 
their Long-Term Animal Research (LTAR) Seminar Series 

33. Holekamp K. 2020: Remote seminar at Georg-August University of Göttingen (Germany) 
and the German Primate Center 

34. Holekamp K. 2020: International remote seminar on Frontiers in Social Evolution (FINE) 
jointly organized by the University of Tennessee at Chattanooga and the University of 
Zurich 

35. Miikkulainen R. Evolving Intelligent Behavior in Virtual Agents. Invited talk at the 
Foundations of Intelligence Workshop at Santa Fe Institute, March 2021 (online). 

36. Miikkulainen R. Evolutionary Surrogate-Assisted Prescription. Helsinki Distinguished 
Lecture Series on Future Information Technology, November 2020 (online). 

37. Miikkulainen R. Evolutionary Surrogate-Assisted Prescription. Intelligent Systems Center, 
Missouri University of Science and Technology, October 2020 (online). 

38. Miikkulainen R. Evolutionary Surrogate-Assisted Prescription. Invited talk at the 
International Workshop on Artificial Neural Networks, Hyderabad, India, September 2020 
(online). 

39. Miikkulainen R. Evolutionary Surrogate-Assisted Prescription. Information Science 
Institute, University of Southern California, August 2020 (online). 

40. Robert T. Pennock “Virtues of Science: How Scientific Virtues Serve Society” Council of 
Scientific Society Presidents. Online. (6/17/21) 
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41. Robert T. Pennock “Skepticism in Science vs. Skepticism of Science” Sigma Xi 
President’s Circle. Online (6/15/21) 

42. Robert T. Pennock “Skepticism in Science vs. Skepticism of Science” Midwestern 
University. Phoenix AZ (5/18/21) 

43. Robert T. Pennock ""The Virtuous Researcher: How a Virtue Philosophy of Science Can 
Help Reframe How We Understand Research Integrity.” Center for Bioethics and Social 
Science in Medicine, University of Michigan. (11/12/20) 

44. Rowley P. 2021. Concordia University, Invited oral presentation. 
45. Rowley P. 2021. Stanford University, Invited oral presentation. 
46. Strauss ED. 2020. Invited talk. Long-term Animal Research Seminar Series, organized by 

Duke University, Durham NC.  
47. Strauss ED. 2020. Invited talk. Department of Biological Sciences, University of 

Cincinnati, Cincinnati OH.  
48. Strauss ED. 2020. Invited talk. Program in Evolution and Behaviour, University of 

Lethbridge, Lethbridge AB, Canada. 
49. Waters, C. Postdoc Invited Department Speaker, Wayne State University, Detroit, MI. 

October, 2020 
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2. Awards and Honors 
 

 Recipient Award Name and Sponsor Date Award Type 
1 Briscoe, Adriana IDEA Award, SSE/SSB/ASN  2021 Education 
2 Briscoe, Adriana John Simon Guggenheim Fellowship 2021 Scientific 

3 Comstock, Sarah 
Undergraduate Research Faculty Mentor of 
the Year Award, Michigan State University 2021 Education 

4 Comstock, Sarah 
MSU FSHN Department Emerging Leader 
and Outreach Award 2021 Scientific 

6 Dunham, Maitreya 
Elected to Board of Directors of the Genetics 
Society of America 2021 Scientific 

6 Holekamp, Kay 
Distinguished Animal Behaviorist Award, 
Animal Behavior Society 2021 Scientific 

7 Lenski, Richard 
Lifetime Achievement Award, Society for 
the Study of Evolution 2021 Scientific 

8 Pennock, Robert T. 
President, Sigma Xi, The Scientific Research 
Honor Society 2021 Scientific 

9 Rowley, Paul 
Dyess Faculty Fellowship, University of 
Idaho 2021 Fellowship 

10 Strauss, Eli 
Alexander von Humboldt Postdoctoral 
Research Fellowship 2020 Fellowship 
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3. Undergraduate, M.S. and Ph.D. students who graduated during the 
reporting period 
 
 

 Student Name Degree Years to 
Degree 

Placement 

1 Amorosi, Clara PhD 6 years Scientist, BMS 
2 Boyd, Sada PhD  Postdoctoral Researcher, UCLA 
3 Brown, Ally BS   
4 Bu, Sihan MS  PhD student at MSU 
5 Bundy, Jason PhD 7 Postdoctoral Fellow, University of Minnesota 
6 Chen, Samuel BS 3.5 years Amazon, Inc. 
7 Gonzalez, Santiago PhD 4.5 Apple, Inc 
8 Guadalupe Lara, Angelica BS  Postbaccalaureate student 
9 Hernandez-Suarez, J Sebastian PhD 4 Postdoctoral Research Associate, MSU 
10 Incorvaia, Darren PhD   
11 Jordan, Jalin BS  Medical School Student, U of Pennsylvania 
12 Keller, Abigail PhD 6 Scientist at Inscripta 
13 Kirkpatrick, Douglas PhD   
14 Lalejini, Alex PhD   
15 Large, Chris PhD 5 years Postdoc  
16 Magid, Ali Abdel BS  Applying to medical schools 
17 Montgomery, Tracy M. PhD  Postdoctoral fellow, University of Konstanz 
18 Newsted, Jacob MS  Programmer, MSU 
19 Ollodart, Anja PhD 5 years Interviewing for industry jobs 
20 Rojas, Connie PhD  Postdoc, UC Davis 
21 Roy, Proteek PhD 4 Research Scientist, KLA 
22 Sugino, Kameron PhD 5 Postdoc, University of Oklahoma 
23 Wang, Wei PhD 5 Software Engineer, LinkedIn 
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4a. General outputs of knowledge transfer activities 
 

1. Spinoff company: Toxion Pharmaceuticals - antifungal proteins to treat vulvovaginal 
candidiasis 
 

4b. Other outputs of knowledge transfer activities 
 
None to report. 
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5. Participants 
 



BEACON 2021 Annual Report  VIII. Center-Wide Outputs, page 74 

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 Continental 
Automotive GmbH 

Company Vahrenwalder Straße 9 
30165 Hanover 
Germany 

 KT N 
 

3 General Motors Company PO Box 33170 
Detroit, MI 48232-5170 

 KT N 

4 Hyundai MOBIS Company   KT N 
5 ZF-TRW  Company 12001 Tech Center Drive 

Livonia, Michigan 48150 
 KT N 

6 Cognizant Company  Risto 
Miikkulainen 

KT Y 

7 Yale University Other 
(Academic) 

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

Y 

8 University of 
California, Irvine 

Other 
(Academic) 

Irvine, CA 92697 Adriana 
Briscoe 

Research, 
Education, 
Diversity 

Y 

9 International 
Society for 
Artificial Life 

Other  Charles Ofria Research, 
Education 

N 

10 National 
Association of 
Biology Teachers 

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

 Education N 

11 Biological Sciences 
Curriculum Study 
(BSCS) 

Other 5415 Mark Dabling Boulevard    
BSCS Building 
Colorado Springs, CO 80918 

 Education Y 

12 Concord 
Consortium 

Other 25 Love Lane 
Concord, MA 01742 

 Education Y 

13 Society for the 
Study of Evolution 

Other 4475 Castleman Avenue  
St. Louis, MO  63110-3201 

 Education N 

14 Society for 
Systematic 
Biologists  

Other   Education N 

15 American Society 
of Naturalists 

Other   Education N 
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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.  

7 

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)  

13 

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  

$864,000 

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)  

436 
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8.8. Media publicity 
 

• 2/25/21: Excellence in Diversity Award winners recognized during virtual 
ceremony https://msutoday.msu.edu/news/2021/excellence-in-diversity-award-winners-
recognized-during-virtual-ceremony  

• 3/29/21: MSU researcher awarded NIH grant to study unknown genes found in cholera 
https://msutoday.msu.edu/news/2021/msu-nih-grant-unknown-genes-cholera 

• 5/26/21: Novel sensor discovered that helps bacteria detect and respond to formaldehyde 
https://www.eurekalert.org/news-releases/705443  

• 10/13/21: Spartans team up to improve medical imaging 
https://msutoday.msu.edu/news/2021/improve-medical-imaging  
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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. 
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.   

Asia: Through Erik Goodman, BEACON has had long collaborative relationships with two 
large research teams in China, headed by Profs. Lihong Xu (Tongji University, Shanghai) and 
Zhun Fan (Shantou University, Guangdong Province).  

Europe: Lenski continues to collaborate with researchers in France to characterize genetic 
changes in the long-term evolution experiment with E. coli.  Lenski and Ofria have a CNRS-
funded grant to support travel between their two groups and those of research groups in Grenoble 
and Lyon working on microbial and digital evolution, respectively. A similar evolution-in-action 
effort is getting started in the UK based out of York University; BEACON will be an external 
partner in this collaboration. 

 
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) 

 
N/A
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