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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 realworld 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 openended evolution. Such digital evolution systems are powerful research tools that make
transparent the evolutionary process while giving researchers unparalleled control over their
experiments.
Our range of study systems and our focus on evolution in action allow us to explore
fundamental issues in evolutionary theory. While science has come a long way in understanding
evolutionary patterns and the history of life on earth, many important questions remain about the
causal processes: How do complexity, diversity, and robustness arise in evolving systems? What
conditions lead to the evolution of intelligent behaviors? How do ecological communities form?
Why do multicellularity and other forms of cooperation evolve? How much do these processes
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vary between species or across biological, computational and robotic systems? Answering these
and related questions will allow our understanding of evolution to better inform other areas of
biological investigation and augment the practical utility of evolutionary design in engineering
and industry. A guiding precept of this Center is that we must perform controlled experiments on
evolution as it happens to fully understand, predict, and control evolutionary dynamics. These
concepts demand exploration by interdisciplinary teams, joining biologists with computer
scientists and engineers to solve increasingly difficult real-world design and optimization
problems.
We share the deep understanding afforded by this transformative research with the broader
public, encouraging exposure to and intuition about evolution through first-hand experience.
Although evolutionary science is the fundamental explanatory principle in biology, it continues
to be widely misunderstood and even rejected by a majority of Americans. Being able to observe
and perform experiments on actively evolving systems will help people appreciate not only the
creative power of evolutionary mechanisms, but also the nature of scientific reasoning itself.
Digital evolution, in particular, provides a revolutionary educational tool that can bring evolution
to the classroom, to a museum, and even to a web browser. Our previous successes, such as the
Avida-ED digital evolution educational software, have demonstrated the promise of this
innovative approach, but the sustained infrastructure of an NSF Center allows us to bring it to
fruition. We combine these techniques with new evolution-in-action experiments on natural
organisms to advance internal training of students and post-docs as well as external education
and outreach efforts (including development of curricula and educational tools). Faculty and
students at all partner institutions participate fully in these educational activities, as developers
and users.
BEACON will have a powerful legacy: we will reframe public perceptions of evolution and
increase understanding of scientific methods. At the same time, we will produce a conceptual
framework to firmly establish evolutionary biology as an experimental science and cement its
links to computing in a cross-fertilization that enhances both fields. Once we break these
disciplinary barriers, the powerful collaborations that we produce will long outlast the Center,
leading to generations of thriving researchers proficient at the intersection of biological and
computational evolution. This intellectual legacy will continue to be reinforced and promoted by
an open professional research and education conference that we will grow out of the Center’s
annual all-hands meeting.

Highlights from 2016
BEACON seed funding led to a number of significant external funding awards this year.
Scott Nuismer (UI) and Jim Bull (UT) were awarded nearly $1M from NIH for their project “A
mathematical theory of transmissible vaccines” as a direct result of BEACON support for this
interdisciplinary and interinstitutional project. Janette Boughman and Gideon Bradburd (MSU)
were recently awarded ~$1.8M by NSF for their project “Dimensions: Diversification of sensory
systems in novel habitat: enhanced vision or compensation in other modalities?” This work also
began as a BEACON project, with collaborators Hans Hofmann (UT) and Deborah Stenkamp
(UI). Other BEACONites receiving external funding for work initially funded by BEACON
include Jeffrey Barrick, Kalyanmoy Deb, Joseph Graves, Scott Harrison, Arend Hintze, Louise
Mead, and Ashley Shade.
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We are pleased to report that Jim Bull (UT) was elected to the National Academy of Sciences
this year, bringing the total number of current and past BEACONites in the NAS to 7. He joins
Rich Lenski (MSU), James Tiedje (MSU), David Hillis (UT), Nancy Moran (UT), Joseph
Felsenstein (UW), and E. Pete Greenberg (UW).
BEACON has received supplemental funding from NSF for our Luminary Scholars Research
Program. This is an intensive undergraduate research program that will, when paired with other
funding, support approximately eight URM students each year to come to MSU for the summer
research opportunities, then return to their minority-serving institutions (MSI) and continue their
undergraduate research for up to 10-hours per week during the academic year, under the
guidance of an identified faculty member at the home institution in collaboration with BEACON
faculty. BEACON is partnering with Aditi Pai at Spelman College for this program.
More recently, BEACON was awarded supplemental funding by NSF for “Workshops for
Developing Professional Skills for the Biotech Industry” in collaboration with two other STCs,
C-DEBI and EBICS. Our goal is to equip PhD students and post-docs with a toolbox that helps
them convey their value as nimble professionals who exercise critical thinking and the scientific
method, in a flexible manner, both in and out of academia. Through graduate and postdoctoral
training, our trainees have developed both domain knowledge and a set of defined transferable
skills that are in demand across many different career options (pathways). We proposed a
complement of programming that communicates to trainees that their abilities to think and
problem-solve as scientists, to effectively communicate, to persuasively present
information/data, to write and to summarize their findings in a way that others can replicate, will
be at least as important as their specific biological research questions in determining their career
trajectories. This program will include: Workshop on Dynamic and Innovative
Leadership/Strategic Communication, Workshops on Business Training for Biologists, and
Skills-Based Workshops including a BEACON Data Carpentry-style Computational and
Genomics workshop led by Dr. Tracy Teal; an EBICS workshop on Creating Multicellular
Biological Machines as diagnostic tools, educational tools and therapeutic tools; and a C-DEBI
Bioinformatics course, led by Dr. Ben Tully.

Plans and Performance Indicators
Our Strategic Implementation Plan sets goals in six areas: Education, Human Resources &
Diversity (EHRD); Leadership and Management; Knowledge Transfer; Integrative Research;
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
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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
New research collaborations
and proposals

New paradigms for research
in organic and digital
domains

METRICS
Integrative Research Goals
Number of
interdisciplinary/multiinstitutional research projects
and publications
Number of new sessions at
scientific meetings or scientific
meetings hosted at BEACON
Number of new journals and
societies
New or increased funding for
biocomputational research

Increase in publications
Number of BEACON faculty
related to evolution in action participants writing such
publications and the number of
citations of their work.
High visibility science
journalism about BEACON
research
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PROGRESS
68 projects currently
underway, 1035 publications
to date (177 submitted in the
current reporting period)
None to report in this period
None to report yet
BEACON researchers
submitted 60 proposals for
external funding concerning
evolution in action, and
>$11M in external funding
was granted
BEACON publications and
citations thereof are increasing
steadily every year.
7 press releases and >30
media pieces since previous
annual report, including high
profile pieces in New Scientist,
Scientific American, and The
New York Times.
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Development and
dissemination of new
curricula and resources to
train multidisciplinary
scientists in evolutionary
biology and computational
evolution
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.

Original research by
BEACON members on
evolution in action will be
prominent in the evolution
literature.
BEACON research output
will be perceived as making
an important contribution to
the literature.

Number of requests for
information

Ethical Research Goal
Number of RCR training
opportunities provided

Number of BEACONites who
attended RCR training sessions
offered by BEACON
Number of BEACON seminars
offered
Research Output Goals
Number of publications in peerreviewed journals, presentations
at scientific conferences, and
grant proposals submitted
Feedback from the External
Advisory Committee

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

10 Scientific Virtues sessions
offered at BEACON seminars,
BEACON Congress, and a
class at University of Idaho,
including 1 new module
piloted
About 100
30 BEACON seminars have
been offered since Feb 1,
2016.
177 publications submitted,
227 conference or other
presentations, 60 grant
proposals submitted during
this reporting period
Positive feedback. See
Appendix C.

BEACON research falls under four thrust groups, three of which are focused on basic
research and group according to natural levels of organization (genomes, behavior among
individuals, and community-level dynamics) and a fourth, added in 2014, focusing on
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 where experimental evolution
techniques are used on populations of digital organisms.
Digital Organisms: A digital organism is a self-replicating computer program, with a
genetic basis (programming language) in which any basic computation could theoretically be
implemented (Turing complete). Populations of digital organisms are usually studied in complex
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and noisy environments where they are subject to mutations and selective pressures that lead to
open-ended evolution.
Evolutionary Computation: Evolutionary computation describes a large class of stochastic
search/optimization algorithms that are often based on relatively crude models of biological
evolution. They typically maintain a population of candidate solutions at any point in time,
generate modifications of them, test them in a simulated environment, and select such that
higher-fitness candidates tend to survive into the next population.
Experimental Evolution: Research in which populations are studied across multiple
generations under defined and reproducible conditions, whether in the laboratory, in nature, or in
a digital environment. In such experiments, the selective environment can be manipulated in
order to test hypotheses about evolution.
Thrust Group 1: Evolution of Genomes, Genetic Architectures, and Evolvability. The
overall goal of this group is to understand the evolution of genome architecture and the processes
that govern the production of genetic and phenotypic variation. Many of these projects seek to
observe and understand adaptation in action at a molecular level. Current areas of focus include
(1) evolution of complexity; (2) adaptation in action; (3) extending evolutionary theory to
asexual species; (4) effects of evolution on therapeutic treatments; and (5) gene regulatory
networks and development. A total of 17 projects are currently supported in this thrust group.
BEACONites are using a combination of techniques, including experimental evolution in
biological and digital organisms, mathematical modeling and simulation, and integrating data
from field and lab biology.
Thrust Group 2: Evolution of Behavior and Intelligence. This group investigates the
evolutionary emergence, maintenance, and nature of intelligence and other behavioral
phenomena. The organisms studied tend to be self-directed and capable of adaptive responses to
ecological and social stimuli. Behaviors of interest include navigation, cognition,
communication, coordination, social dominance, and mate choice. Digital evolution has proven
to be a powerful tool in which data gathered from biological organisms can be applied to recreate
the evolution of complex behavior in digital organisms. By observing the evolution of selfreplicating digital organisms, we can understand the conditions that led to the evolution of
complex behaviors in biological organisms. Data from these studies of digital evolution are
integrated with studies of living systems from single-celled organisms all the way up to
mammals. Broadly, the 12 projects in this group are studying (1) behavior as a selective force,
(2) the evolution of behavior in response to the environment (both biotic and abiotic
environment), and (3) the evolution of locomotor behaviors.
Thrust Group 3: Evolution of Communities and Collective Dynamics. Research in this
group focuses on systems of interacting individuals and the emergence and organization of
higher-level assemblages including communities, social groups and multicellular organisms.
Broadly speaking, this research includes (1) evolution of cooperation; (2) coevolutionary
dynamics of interacting species; and (3) horizontal gene transfer and recombination. Seventeen
funded projects currently fall into this thrust group.
Thrust Group 4: Evolutionary Applications. Technological applications of evolution have
become more prominent in BEACON, as has knowledge transfer, leading us to create a new
Thrust Group as an umbrella for work that uses evolution as a powerful tool. Evolution is a
generative process that has created diverse and complex biological systems, but fully harnessing
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that creative power has remained elusive. Across 16 current projects, BEACON researchers are
making advances in areas including applications for (1) biotechnology; (2) agriculture; and (3)
healthcare, with a special focus on combating 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.

GOAL
Multidisciplinary Ph.D.
graduates and post-docs
placed in faculty positions at
rates approaching averages
across engineering, computer
science, and biology
Increased public literacy in
evolution and the nature of
science

Increased interest in STEM
careers in both academia and
industry

Education Goals
METRICS
Fraction of BEACON
graduate students and postdocs receiving offers of
faculty positions

Development of educational
materials

Adoption of materials by
teachers; frequency of public
use of online materials and
visits to museum exhibits
The creation of programs that
provide for the sustainability
of students interested in
STEM
Communication of the
diversity of careers associated
with STEM disciplines

PROGRESS
Among BEACON’s alumni to
date: 13/82 (16%) PhDs and
11/23 (48%) postdocs are now
in faculty positions. 45 (55%)
of BEACON PhD graduates
are currently in postdoctoral
positions.
Testing, presentation, and
publication of educational
materials. Evaluation
instruments are being used to
assess effectiveness.
Cross-institutional
dissemination of materials is
underway.
Programs like the Luminaries
Scholars and URA program at
KBS assist in these areas.
Participation in diverse careers
workshops, and tracking our
own students.

Recent science education reform recognizes that students learn better when information is
organized around major unifying concepts (National Research Council, 2012), and all recent
science education reform places evolution as a core idea within the biological sciences (Brewer
and Smith, 2011; College Board, 2011). Yet, evolution is summarily rejected by nearly half of
the general public living in the United States (Miller et al. 2005). Across all BEACON, our
educational projects aim to use BEACON research demonstrating evolution in action to reveal
the power of evolution, showing (1) evolution is a historical AND ongoing dynamic process; (2)
evolutionary biology is a good example of how science works; (3) evolutionary processes can
help us solve complex biological and engineering problems.
BEACON 2016 Annual Report
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Internal Education Activities. BEACON has instituted a series of courses specifically
designed to train graduate students across disciplines. Courses include Computational Science
for Evolutionary Biologist (MSU’s CSE 801, Fall) taught by Dr. Arend Hintze; Evolutionary
Biology for non-Life Scientists (ZOL 890) taught by Dr. Louise Mead; and Multidisciplinary
Approaches to the Study of Evolution (CSE 891, Spring) taught by Drs. Charles Ofria, and Chris
Adami. Dr. Claudia Vergara of the Center for Engineering Education Research (CEER) has been
evaluating our sequence of graduate courses over the past few years. At this point we feel we’ve
instituted a successful series of courses for our students, but continue to tweak the courses in
response to feedback from our site visitors. For example, this year we have added a personal
genomic analysis exercise whereby students will have the opportunity to carry out analyses on a
large curated human genomic dataset as well as have their own genome sequenced by 23 & Me.
Drs. Wiser, Mead, and Hintze are working together to create an activity that will be used in both
the fall graduate courses.
BEACON is also invested in training undergraduates in an effort to meet both our mission to
(recruit and) train graduate students, as well as our mission to increase understanding of
evolution and the nature of science. A number of educational projects are focused on
undergraduate education, and especially on involving undergraduates in research through
summer REUs but also through opportunities available during the academic year.
External Education Activities. BEACON currently funds a number of educational activities
and programs, all of which help to meet our EHRD goals and optimal outcomes. Studentcentered activities during the past year included numerous outreach events, REU experiences at
both KBS and FHL, and new projects to engage with undergraduate biology education. We
continued to provid research experiences for inservice teachers in the BEACON TEACHER
REVOLUTION program. BEACON continues to participate/organize community outreach
efforts, including the US Science and Engineering Festival held in Washington DC and the
Evolution Symposium held at the annual professional development conference of the National
Association of Biology Teachers. We also have a number of educational activities that target the
general public, including new museum exhibits at MSU.

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

GOAL
New collaborative research
with industry partners

Knowledge Transfer Goals
METRICS
The number of external
industry/government
laboratory collaborations with
BEACON through its member
universities
Number of joint grant
proposals submitted with
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PROGRESS
In addition to working with
existing industrial
collaborators, this past year,
BEACON has added several
additional industrial
collaborators.
Two proposals funded by
Dow Chemical Co. through
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industrial partners

Receiving industry-provided
challenge problems and data
with feedback
Spinoffs formed

Number of publications
submitted that arise from
industry-provided challenge
problems and data
Number of instances that
challenge problems, data, and
feedback are received
Number of spinoffs formed

the MRIVCC; proposal to
DARPA as subcontractor to
Siemens was funded. Risto
Miikkulainen has been on
leave, working at Sentient
Technologies, the largest AI
startup. One proposal is
funded by General Motors on
large-scale constrained multiobjective evolutionary
optimization.
At least 5 in the current
reporting period

At least 10 companies are
providing challenge problems
and feedback.
Existing spinoff by Risto
Miikkulainen, Digital
Certainty, was acquired by
Sentient Technologies in
2016. No new spinoffs to
report in the current period.

BEACON's Knowledge Transfer model includes working with industry contacts to obtain
challenge problems (i.e. "Real World" problems) and data with feedback, to allow real solutions
to real problems. BEACON aims to form these and other collaborative relationships with
industry partners.
Several companies are currently working with BEACON, including Siemens, Metron, Ford
Motor Company, Hyundai, Toyota, Continental Automotive, Chrysler, BAE Systems, General
Motors, and StoneAge Robotics.

External Partnerships
BEACON aims to form external partnerships with other researchers and educators who are
working in the area of evolution in action, with other centers that can broaden our impact, and
with minority faculty members at non-BEACON institutions and/or faculty members at
minority-serving universities to provide research opportunities for those faculty and their
students.
Titus Brown and Tracy Teal have partnered with SESYNC (Socio-Environmental Synthesis
Center), NESCent (National Evolutionary Synthesis Center), iDigBio, iPlant Collaborative ,
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National Earth Observatory Network (NEON) and Data Carpentry to develop and run workshops
offering computer science training to biologists, within and beyond BEACON.
Education Director Louise Mead is working with a number of institutions on BEACON
educational and outreach initiatives, including BSCS (Biological Science Curriculum Study),
CREATE for STEM Institute at MSU, University of Michigan, the Concord Consortium, the
Society for the Study of Evolution, the Society for Systematic Biologists, and the American
Society of Naturalists.
Our BEACON Faculty Affiliates program now has members at University of California at
Irvine, Yale University, and University of Texas Rio Grande Valley.

Diversity
BEACON has effectively institutionalized its two overarching diversity goals: 1) ensure
diversity is represented as an inclusive and connecting thread through all aspects of BEACON,
and 2) exceed national norms for diversity at all levels in the Center. We are pleased to report
that BEACON is achieving and sustaining diversity through inclusive recruiting, and the
leveraging of strong partnerships and programming to ensure consistency and sustainability. To
summarize our diversity statistics:
• URMs: BEACON participants are: 53% White, 24% Black, 10% Asian, 5%
Hispanic/Latino, 1% Native American, and 7% two or more races/ethnicities. Currently
37% of BEACON participants are self-reporting as URMs, which is well above the
National Norm (30.8%) for URM.
• Women: BEACON successfully surpassed female participation (42%) across all levels in
the consortium, which is above the National Norm of 32.8%.
• Individuals with Disabilities: Currently 5.1% of our participants self-reported as having a
disability, which exceeds the National Norm (3.3%).
While our initial goal of surpassing the national norms for diversity across BEACON has
been reached, the subsequent “stretch goal” of sustaining these numbers will be reached by
ensuring our environment supports and advances inclusive participation throughout BEACON,
including our collaborative partners. BEACON’s Diversity Committee, including graduate
students/post-doc representatives, identifies and implements best practice activities across the
partner schools/sites.
Individuals with disabilities are a continued priority within our strategic efforts. To address
the previous stated challenge of under-reporting, BEACON continues to develop the Disability
Action Plan, which is tasked to establish a climate of safe, inclusive, and adaptive environments
for individuals with disabilities to thrive.

Management
The following table summarizes our metrics and progress towards our goals in the area of
management.
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GOAL
Increase in cross-disciplinary
research and education

Management Goals
METRICS
Number of paper/conference
submissions by BEACON
authors
Number of students enrolled
in cross-disciplinary courses
Number of funding proposals
submitted

Increase in cross-institutional
research and education

Number of paper/conference
submissions
Number of new courses and
workshops

Number of students in crossinstitutional courses

Increase in new funding
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Number of submissions

PROGRESS
47% of publications and 38%
of presentations reported as
interdisciplinary
24 in semester-long courses,
plus hundreds in workshops
on computational science for
biologists
41 of 60 grant proposals
submitted (68%) reported as
interdisciplinary; 26 of 60
(43%) inter-institutional
38% of all publications and
45% of presentations reported
to be cross-institutional
As discussed in Education
section, many Data Carpentry
workshops were offered to a
national audience in the
reporting period, plus one
EDAMAME (Explorations in
Data Analyses for
Metagenomic Advances in
Microbial Ecology) workshop.
Kevin Liu developed a new
course, in Fall, 2016: CSE
836: Computational
Comparative Genomics with
Applications in Biology and
Biomedicine, but all
enrollment in 2016 was from
MSU.
In 2016, there were 22 MSU
students and 2 students from
partner universities enrolled in
semester-long BEACON
courses. Some BEACON
partners offered local
equivalents to these MSU
courses. Hundreds participated
in workshops on
computational science for
biologists
BEACON researchers
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sources (cross-disciplinary and Number of submissions
cross-institutional)

Effective support of Center
operations by Management
team

Center is perceived by NSF as
exemplary

submitted 60 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
funding period (>$6M for
cross-disciplinary proposals),
exceeding goal of $5M/year
Survey for participants about
2016 evaluation illustrates
management team
patterns of interdisciplinary
and interinstitutional
collaboration
Feedback from External
Feedback has been positive
Advisory Committee
and encouraging (Appendix
C)
Renewal of NSF funding
BEACON’s 5-year renewal
proposal was approved and
funded.
Number of public mentions
Over 50 tweets, retweets,
made by NSF about BEACON favorites, and mentions by
@NSF_BIO Twitter account;
at least one piece on NSF
media (Science 360 Radio)

Projects at BEACON are chosen through an annual selection process, in which BEACON
members submit "budget requests" in January under one of seven categories: Thrust Group 1, 2,
3, or 4; Education; Diversity; or Other (which can include infrastructure requests). This process
continues to encourage BEACONites to engage in new collaborations that include
interdisciplinary and interinstitutional work. Details about this process and the results are
provided in Section VII (Management).
BEACON Organizational Formative Evaluation Report. Each year since its inception,
BEACON has charged a team of experts on organizational evaluation, led by Drs. Patricia
Farrell-Cole and Marilyn Amey, to study BEACON and report on the attitudes of participants,
practices of management, and other related issues that might reveal desirable changes in
BEACON’s structure or procedures. In 2016, Farrell-Cole and Amey conducted a social network
analysis of BEACON members by studying collaboration on reported BEACON outputs
(publications, presentations, grant proposals, media pieces, outreach events, courses taught
together, etc.) from 2010 to 2015. In Section VII (Management) we include an excerpt from the
report. Farrell and Amey’s findings quantify our impressions of the degree to which BEACON
supports interdisciplinary and interinstitutional collaboration. Based on these findings, we will
maintain our focus on integrating new members and encouraging continuing members to work
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collaboratively. We also plan to study patterns of collaboration more deeply. One of the
limitations of this study was the broad categories used (Life Sciences, Computer Science, and
Engineering), which may underestimate the level of interdisciplinary collaboration, given that
much collaboration occurs across subfields within, for example, the Life Sciences. Farrell and
Amey plan to break these categories down into subfields next, and will conduct a more detailed
social network analysis.
External Donor Support Highlights BEACON’s Pre-eminence in Evolutionary Computation.
BEACON received its second Endowed Chair in 2014. The donor, Dr. John R. Koza, is a pioneer
in genetic programming, a form of evolutionary computation. In September, 2014, he made a gift
to BEACON Center at Michigan State University to establish the John R. Koza Endowed Chair
in Genetic Programming. This position will help to assure BEACON’s legacy, while greatly
contributing to its research in its second five years of STC support. Because Dr. Koza is not an
alumnus of MSU, this is an unusual gift that, according to the donor, results from BEACON’s
leadership in the field. MSU appointed Dr. Wolfgang Banzhaf, previously at Memorial
University of Newfoundland, to fill this chair, beginning August 2016. Banzhaf is one of the coauthors of Genetic Programming: An Introduction, a classic text in the field, as well as the sole
author of Linear Genetic Programming, which provided a new basis to view genetic
programming, extending the original work of Koza to new domains. In addition, Banzhaf served
as the founding editor of the journal Genetic Programming and Evolvable Machines. He
currently chairs the Association for Computing Machinery’s Special Interest Group on Genetic
and Evolutionary Computation (SIGEVO). At MSU, Banzhaf’s primary appointment is in the
Department of Computer Science and Engineering, and through BEACON he interacts with
many other researchers from many disciplines. He will also co-teach the Spring 2017 BEACON
course in Multidisciplinary approaches to the study of evolution, with Chris Adami.

Center-Wide Outputs
Publications submitted: 177 reported
Conference presentations and other dissemination activities (including lectures, seminars): 227
reported
Awards and Honors: 25 awards and honors reported
Students that graduated (reported): 14 PhDs, 1 Masters
General outputs of knowledge transfer activities: 0 patents
Participants: 352 participants, plus another 231 affiliates (under 160 hours/year in Center
activities), for a total of 583 BEACONites
Media publicity: Since the previous annual report, we have put out 7 press releases so far. Over
30 features on BEACON activities appeared in the mainstream and online media in the last
reporting period.
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Indirect/Other Impacts
International activities: BEACON is engaging in international activities on 4 continents,
including field research and education in Kenya; multiple engineering research collaborations
with researchers and organizations in China, Switzerland, Canada, and Mexico; and experimental
and digital evolution research collaborations in France.
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II. RESEARCH
1a-b. Research goals, metrics, and progress.
Broadly, the Center’s overarching research goal is to produce transformative, synergistic
research focusing on evolution in action through an inclusive collaborative culture that
crosses disciplinary and institutional boundaries and is embedded throughout the Center’s
activities. BEACON’s internal funding model is to provide competitive seed money for new
projects, stressing the creation of interdisciplinary and inter-institutional collaborations that
might not exist without the support of the Center. Evolution in action is a new and growing field,
especially biocomputational studies in this area, and rather than focusing on a few large,
expensive projects, BEACON supports a large number of studies that show potential to attract
external funding to grow into larger projects. The Center’s overall goals and objectives have not
changed since the last reporting period.
In the current reporting period, a total of 68 research projects were supported by BEACON,
including 35 projects that just began in summer/fall 2016. In the narrative below, we provide a
“big picture” overview of all of the research being supported by BEACON, fitting the projects
into the broader context of our thrust groups.
Our specific research goals, as outlined in our Strategic Implementation Plan, fall into three
broad categories: Integrative Research, Ethical Research, and Research Output. In this table we
summarize our optimal outcomes and metrics from our Strategic Implementation Plan, and
briefly note our progress towards these goals. For more details on progress, please see section 2b.

GOAL
New research collaborations
and proposals

New paradigms for research
in organic and digital
domains

METRICS
Integrative Research Goals
Number of
interdisciplinary/multiinstitutional research projects
and publications
Number of new sessions at
scientific meetings or scientific
meetings hosted at BEACON
Number of new journals and
societies
New or increased funding for
biocomputational research

Increase in publications
Number of BEACON faculty
related to evolution in action participants writing such
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PROGRESS
68 projects currently
underway, 1035 publications
to date (177 submitted in the
current reporting period)
None to report in this period
None to report yet
BEACON researchers
submitted 60 proposals for
external funding concerning
evolution in action, and
>$11M in external funding
was granted
BEACON publications and
citations thereof are increasing
II. Research, page 18

publications and the number of
citations of their work.
High visibility science
journalism about BEACON
research

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

Original research by
BEACON members on
evolution in action will be
prominent in the evolution
literature.
BEACON research output
will be perceived as making
an important contribution to
the literature.

Number of requests for
information

Ethical Research Goal
Number of RCR training
opportunities provided

Number of BEACONites who
attended RCR training sessions
offered by BEACON
Number of BEACON seminars
offered
Research Output Goals
Number of publications in peerreviewed journals, presentations
at scientific conferences, and
grant proposals submitted
Feedback from the External
Advisory Committee

steadily every year.
7 press releases and >30
media pieces since previous
annual report, including high
profile pieces in New Scientist,
Scientific American, and The
New York Times.
Changes in GitHub have
affected our ability to track
downloads of Avida; and the
new web-based version of
Avida-ED does not yet have a
system to track users.

10 Scientific Virtues sessions
offered at BEACON seminars,
BEACON Congress, and a
class at University of Idaho,
including 1 new module
piloted
About 100
30 BEACON seminars have
been offered since Feb 1,
2016.
177 publications submitted,
227 conference or other
presentations, 60 grant
proposals submitted during
this reporting period
Positive feedback. See
Appendix C.

1c. Problems in making progress towards these goals.
The primary ongoing challenge is enabling communication among researchers in different
fields and institutions. We have a number of strategies in place to help overcome this problem:
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•

•

•

Annual meeting, with sessions designed to stimulate new collaborations and networking
sessions for students and postdocs: We held our seventh annual BEACON Congress in
August 2016. The Congress is now a full 4 days, including one student/postdoc “retreat”
day, and features numerous networking events. This year’s event also featured an extra
day-long celebration of Rich Lenski’s 60th birthday, bringing in a number of Lenski lab
alumni and collaborators to give presentations. Several of these people stayed for most of
BEACON Congress.
BEACON Intranet profiles. We are continuing to upgrade our intranet system for
increased functionality, and are creating a more searchable database that will allow
BEACONites to discover other members with similar research interests, and to browse
their work. We anticipate full completion by early 2017.
Weekly seminars. We hold weekly meetings in which members present the results of
ongoing activities. These seminars have more than once successfully sparked interest and
led to new collaborations. At MSU, we follow the seminar with a “social hour,”
providing refreshments and an opportunity for casual interaction. At UI and UW, the
seminar occurs during the lunch hour due to time zone differences, and lunch is either
provided or brought by the attendees.

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

2a. Research thrust areas
BEACON supports research in four thrust groups, including three based on natural levels of
organization (genomes, behavior among individuals, and community-level dynamics) and a
fourth group focused on evolutionary applications. These thrust groups are united by two crosscutting themes: biological evolution and computational evolution. We describe each of these
thrust groups below. Many projects can be assigned to two or more research groups, but for
convenience we only report each project as belonging to a single thrust group. Here, we describe
progress on research projects, divided into general research themes, that are currently under way
within each thrust group and their goals and activities.

Thrust Group 1: Genomes, Genetic Architectures, and Evolvability.
The overall goal of this group is to understand the evolution of genome architecture and the
processes that govern the production of genetic and phenotypic variation. Many of these projects
seek to observe and understand adaptation in action at a molecular level. Current areas of focus
include (1) evolution of complexity; (2) adaptation in action; (3) extending evolutionary theory
to asexual species; (4) effects of evolution on therapeutic treatments; and (5) gene regulatory
networks and development. A total of 17 projects are currently supported in this thrust group.
BEACONites are using a combination of techniques, including experimental evolution in
biological and digital organisms, mathematical modeling and simulation, and integrating data
from field and lab biology. Below is a summary of current research in each theme.
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Evolution of Complexity
Chris Adami (MSU), Rich Lenski (MSU), and Claus Wilke (UT) are modeling the
evolution and de-evolution of biological complexity. The mathematical description of evolving
living systems has made great strides in the last century, but theory is concerned mostly with
understanding evolution on short time scales: those relevant for the fixation of a single or
perhaps a pair of loci. Modern developments in experimental evolution have highlighted a
missing topic in the mathematics of population genetics, namely a theory that describes how
populations adapt over the long term. A recent theory by Wiser, Ribeck, and Lenski has shown
that evolution over the long term can be predicted given a sufficiently long trajectory in the past.
It turns out that any theory that can predict forward evolution, should also be able to predict the
loss of fitness over time, due to drift (for example when population sizes are small). Such a
theoretical prediction can be used to estimate the complexity of the organism that is losing
fitness, as several theoretical approaches suggest that the rate of fitness loss is determined by the
complexity of the initial organism. The team is developing the theory to estimate the fitness loss
over long-term, and will validate it by performing drift-response experiments with wellcharacterized genomes of the Long-Term Evolution Experiment (LTEE). If successful, this work
will result in a new quantitative way to link fitness to organismal complexity.
Charles Ofria and graduate student Alexander Lalejini (MSU) are testing whether
phenotypic plasticity promotes evolvability. Using the Avida digital evolution platform, they
are experimentally evaluating whether evolution in the context of pre-existing phenotypic
plasticity results in increased levels of coordination among cooperative organisms. They expect
the evolution of more sophisticated communities of mutually-dependent organisms, with
especially complex coordination mechanisms arising within cooperating groups. Phenotypic
plasticity is the capacity for an organism to be able to select its phenotypic traits based on
specific environmental conditions. In nature, plasticity can prove especially useful within
organisms that exist in either spatially or temporally varied environments or that are engaged in
mutualisms where behaviors are dynamically dependent on interactions. The team hypothesizes
that more sophisticated coordination strategies will evolve within mutualistic groups when initial
group members already possess the capacity for phenotypic plasticity.
Verónica Di Stilio (UW) and David Tank (UI) are investigating the evolutionary and
ecological consequences of polyploidy. Polyploidy, or whole genome duplication, has a long
history of recognized relevance to the evolution of plants. It likely contributed to Darwin’s
“abominable mystery” – the rapid rise and early diversification of angiosperms. Both ancient and
recent episodes of polyploidy have now been confirmed in a variety of eukaryotes, emphasizing
its broader role in biological diversification. The large-scale effects on gene expression resulting
from polyploidy can produce immediate changes in morphology and ecological interactions,
leading to speciation. The team recently showed that polyploidy is significantly correlated to
wind pollination in one of the few angiosperm genera that combines wind and insect pollinated
species with variation in ploidy level. A suite of morphological traits commonly associated with
the ‘wind pollination syndrome’ includes long stigmatic surfaces for pollen capture. These
stigmas consist of papillae resulting from the activity of a gene that the team hypothesizes
underwent a gain-of-function mutation, resulting in the extended or “feathery” stigmas of windpollinated flowers. This group plans to determine whether polyploidy has evolutionary
consequences on gene function and pollination syndrome in the flowering plant genus
Thalictrum by: (1) increasing the resolution of phylogenetic reconstructions for comparative
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studies, (2) reconstructing the evolutionary history of a candidate gene underlying a key floral
trait associated with pollination syndrome, and (3) determining changes in the pattern of gene
expression of this and other candidate genes in diploid vs. polyploid species.
Rich Lenksi and graduate student Jason Bundy are quantifying the relative contributions
of adaptation, chance, and history over the course of parallel adaptive radiations in the E.
coli Long-Term Evolution Experiment (LTEE) and digital organisms. Previous work on the
LTEE (and follow-on experiments in Avida) on the relative contributions of adaptation, chance,
and history to evolution in a new environment showed that the effect of adaptation dominated the
evolutionary dynamics relative to the effects of chance (i.e., random mutation and drift) and
history (i.e., phylogeny). However, the previous work involved only 2,000 generations of initial
evolution in the LTEE. Bundy and Lenski are repeating that work, extending the period of initial
evolution to 50,000 generations to test for changes in the relative contributions of adaptation,
chance, and history over evolutionary time scales. They can thereby test whether the “footprint
of history” becomes progressively deeper, perhaps eventually becoming too deep to be overcome
even by intense selection. Additionally, they will extend the previous methods to allow adaptive
radiations into multiple niches, using both bacteria and Avida as model biological and
computational systems.

Adaptation in action
Yann Dufour and Chris Adami (MSU) are examining the evolution of non-genetic
phenotypic diversity in bacterial populations. Genetically identical cells often exhibit
phenotypic diversity that can be beneficial as a bet-hedging strategy or drive division of labor
and collective behaviors. Non-genetic phenotypic diversity arises from stochastic fluctuations
during protein synthesis or cell division. Because signaling and regulatory networks can buffer or
amplify stochastic fluctuations it is expected that the control phenotypic diversity is a selectable
trait. This team aims to characterize the role of phenotypic diversity in Vibrio cholerae using an
interdisciplinary approach combining behavioral experiments with agent-based computational
simulations. They have characterized experimentally the phenotypic distributions of Vibrio
cholerae in several environmental conditions and with several mutants using single-cell video
microscopy and quantitative biofilm assays. They have also identified several factors and genes
that affect the shape of the phenotypic distributions in clonal populations. The team has started
the computational evolution experiment using the Markov-brain platform to examine what
environmental factors favors the emergence of phenotypic diversity in virtual agents.
Louise Mead (MSU) is collaborating with Melissa Wilson Sayres (Arizona State University)
to assess human-specific evolutionary pressures on genes involved in early puberty. In
typical human females, breast development and pubic hair usually signify the onset of puberty,
which is followed later by menarche, and research suggests these two events are occurring earlier
and earlier in modern humans. Recent studies have found that the average age of onset of
puberty has dropped, with breast development showing more significant changes than menarche,
suggesting these are, or are becoming, decoupled. This raises several questions: are these
changes examples of evolution in action in humans? What selective factors may be influencing
these changes? What are the health implications? This team aims to investigate the patterns of
evolution across humans and mammals in genes implicated in the onset of puberty. To
investigate genes implicated in the onset of puberty, they focus on a condition called precocious
puberty. They will assemble sets of genes involved in precocious puberty, assess levels of
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purifying and positive selection on the human lineage in each of these genes, assess genetic
diversity across human populations in genes implicated in precocious puberty, and examine
genes that may interact with genes associated with precocious puberty.
Brenda Murdoch, James Foster, and Mark McGuire (all UI) are testing whether human
milk sugars evolved in response to a biocultural sweet tooth. Human milk provides optimal
nutrition during infancy, and its composition is used to estimate nutrient requirements of
neonates and the gold standard for composition of infant formula. However, milk produced by
healthy women around the globe varies dramatically in its composition, and little is known about
the genesis of this variation. The team is examining a paradigm-shifting hypothesis that milk
composition is evolutionarily customized to optimize infant health in a particular sociocultural
and environmental niche by investigating the relationship between maternal genetic diversity and
variation in human milk oligosaccharide (HMO) profiles. They will evaluate milk collected from
480 women living in 8 countries as part of an NSF-funded project comparing differences in
HMO profiles around the world and relate them to sociocultural and ethnic factors. This project
will extend the parent study by examining the genetic variation of candidate genes thought to
drive variation in HMO differences. Sequence variation in 4 HMO-related genes (FUT2, FUT3,
LALBA, and B4GALT1) will be determined to identify functional polymorphisms. Importantly,
these genetic variation data will be used to perform neutrality tests and association studies with
differences in HMO isoforms and quantities, across and within the study population. This
research will provide critical preliminary data needed for larger grant applications allowing
investigation of genetically-driven differences in other milk constituents important to infant
health while allowing us to determine if molecular evolution is occurring in these genes. This
research collaboration involves evolutionary biologists, a geneticist, anthropologists,
computational biologists, lactation physiologists, and nutrtionists.
Ben Kerr (UW), Rich Lenski (MSU), Christopher Marx (UI), and Sergey Stolyar (UI) are
conducting an empirical validation of flux balance analysis. Taking advantage of genomescale models of metabolism, Flux Balance Analysis (FBA) solves for the optimal
stoichiometrically balanced set of fluxes through metabolic reactions. The traditional thought is
that millions of years of evolution has optimized microbial metabolism, and thus FBA should
uncover an accurate distribution of fluxes. However, selection in most laboratory conditions does
not act directly on BM/S (biomass per substrate), but rather favors increased growth rate. On the
other hand, there are environmental conditions that do favor yield instead of rate adaptation.
Under these conditions, the FBA optimality predictions have more solid grounding. Here we
propose to test the ability of metabolism to be optimized for yield in a structured environment
and the validity of FBA in emulsion droplet populations, a unique environment in which yield is
directly selected.
Charles Ofria, Wolfgang Banzhaf, Richard Lenski, and Clifford Bohm (all MSU) are
examining how evolutionary forces shape local fitness landscapes. Fitness landscapes are an
important tool for understanding evolutionary dynamics. Real-world fitness landscapes are
complex and varied; populations evolve to regions of a landscape with different mutational and
epistatic properties depending on the specific evolutionary forces at play. These dynamics have
been shown to produce effects like the “survival of the flattest” or the evolution of
“evolvability.” The team has initiated a systematic study of how assorted evolutionary forces
influence populations in common types of evolving systems (artificial life, EC, simulations).
Specifically, they are developing a publicly-accessible database for storing information about
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local landscapes encountered during evolution, where contributors will specify the systems they
use and their specific configurations. Database users also have access to a range of visualization
tools for analyzing individual landscapes or comparing across systems or parameter spaces. An
important part of these preliminary data will be comparisons to previous results: they will verify
(or refine) prior studies on survival of the flattest and epistasis in sexual vs. asexual organisms,
and put each into a broader context. In the longer term, they plan to identify new principles for
evolutionary computation, develop more realistic and open-ended artificial life systems, and
suggest experiments to be conducted in web-labs.

Extending evolutionary theory to asexually reproducing species
Noah Ribeck (MSU postdoc), Brian Connelly (UW postdoc), Luis Zaman (UW postdoc), and
Rich Lenski (MSU) are developing a general theory of asexual adaptation called lineage
interference. In an asexual population, the fate of a beneficial mutation depends on how its
lineage competes against other mutant lineages in the population. With high beneficial mutation
rates or large population sizes, competition between contending mutations is strong, and
successful lineages can accumulate multiple mutations before any single one achieves fixation.
Most current theory about asexual population dynamics either neglects this multiple-mutations
regime or introduces simplifying assumptions that may not apply. The team developed a
theoretical framework that describes the dynamics of adaptation and substitution over all
mutation-rate regimes by conceptualizing the population as a collection of continuously adapting
lineages. This model of “lineage interference” shows that each new mutant’s advantage over the
rest of the population must be above a critical threshold in order to likely achieve fixation, and
we derive a simple expression for that threshold. They then applied this framework to examine
the role of beneficial mutations with different effect sizes across the transition to the multiplemutations regime.
Chris Adami (MSU), with Thomas LaBar (MSU graduate student) and Masoud Mirmomeni
(former MSU graduate student, now at University of Michigan), is working on theory and
experimental verification of “free fitness” maximization. A major goal of evolutionary
dynamics is to explain how the mean fitness of a population changes over time. A first attempt to
explain these dynamics was proposed by Fisher in his Fundamental Theorem. In this theorem,
fitness was shown to never decrease, and the increase is proportional to the population's additive
genetic variance in fitness. However, this theorem only holds under limited conditions; it
requires an infinite population and ignores genetic drift and mutation. Recently, an extension of
Fisher's Fundamental Theorem was introduced by Sella and Hirsch that argues, using
connections with statistical physics, that it is Free Fitness that increases during evolution, not just
fitness. Free fitness extends Fisher's theorem to finite populations and includes the effects of
genetic drift; like fitness in Fisher's theorem, free fitness never decreases over time and is
maximized by evolution. This team is using digital evolution experiments to test whether the
Free Fitness theorem explains the evolutionary dynamics of asexual populations better than
Fisher's Fundamental Theorem. They will theoretically extend Free Fitness to include mutations,
with the intention of explaining the survival of the flattest concept.
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Effects of evolution on therapeutic treatments
Jeff Barrick (UT), James Bull (UT), and Holly Wichman (UI) are studying the evolution of
cultured stem cells. Embryonic and induced pluripotent stem cells are being increasingly used
to model human disease, and they are perhaps the most promising new medical technology for
correcting genetic defects, injuries, and diseases of aging. Yet, underlying this technology is a
potentially subtle and largely undocumented problem: evolution. Both embryonic and induced
pluripotent stem cells must be cultured to obtain sufficient numbers for reintroduction into the
body, but we do not know how fast evolution occurs under these conditions or its therapeutic
consequences. To rigorously address these questions for the first time, this team has begun a
Lenski-style evolution experiment with mouse embryonic stem cells (mESCs). The overarching
goal is to develop a pipeline for watching stem cell evolution in action spanning (i) culture and
propagation protocols, (ii) phenotype analysis (growth rates and maintenance of pluripotency),
and (iii) genome-scale analyses (karyotype, sequencing, gene expression). The team is testing
how two different treatments that are used to prevent differentiation in culture affect the genetic
and phenotypic stability of stem cells. They are replicating this experiment in Texas and Idaho to
evaluate the reproducibility of their pipeline. Viable cell samples generated that are not analyzed
fully within the scope of this seed project will be archived for future analysis (e.g., of epigenetic
changes), and they plan to use this template to test the effects of many more variables on stem
cell evolution in future, collaborative grant applications
Claus Wilke (UT), Patrick McPhail Martin (NCAT), and Checo Rorie (NCAT) are
investigating the evolution of chemotherapeutic resistance in glioblastoma multiforme.
Glioblastoma multiforme (GBM) is the most common and deadly primary brain tumor,
accounting for over 13,000 new cases in the United States annually and with a five-year survival
rate of significantly less than 10%. Patients diagnosed with this disease typically undergo
surgical resection to remove the bulk of the tumor, followed by an aggressive course of
chemotherapeutics and radiation to try and remove the rest. Despite aggressive treatment,
survival to 3-5 years remains low, in large part because GBM tumors evolve resistance to these
treatments and thereafter re-occur, typically around 6-8 months after resection. The team
hypothesizes that GBM acquires resistance to one common chemotherapeutic, temozolomide
(TMZ), through specific molecular mechanisms, and is using experimental evolution to attempt
to better understand these mechanisms.
Martha Mulks and Richard Lenski (MSU) are studying long term parallel evolution of a
pathogen within the lungs of cystic fibrosis patients. Evolution of pathogens within and
between hosts is frequently difficult to analyze due to protracted incubation before transmission,
high mutation rates, unclear transmission routes and sources, and the co-occurrence of neutral
and adaptive mutations. When these issues are eliminated or accounted for, it becomes possible
to find genomic targets of selection by determining the occurrence, maintenance, and spread of
similar yet independent mutations across multiple lineages. Previous genetic sequences of
pathogen isolates in multiple patients have displayed multiple non-synonymous mutations
influencing the same genes. These genes indicate potential functions important to adaptation to,
survival within, and pathogenesis in the particular host. Cystic fibrosis (CF) patients are highly
susceptible to chronic lung infections with bacterial pathogens and thus provide ideal (though
unfortunate) reservoirs for parallel bacterial evolution. Burkholderia cenocepacia (Bcc) is
normally a soil organism associated with the rhizosphere of plants and an occasional
opportunistic pathogen of CF patients. However, several epidemic strains arose in the 1980s that
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were capable of patient-to-patient transmission. One strain, the Bcc Midwest clone,
predominated in Michigan and neighboring states. Some patients infected with this clone died
rapidly of a severe systemic infection, but a few have survived over 25 years with this pathogen.
Recent studies following genetically distinct strains of Pseudomonas aeruginosa as well as an
epidemic strain of B. dolosa over time within multiple patients have shown convergent (P.a.) and
parallel (B.d.) evolution and adaptation of these pathogens within the CF lung, but these studies
have revealed different adaptive mechanisms for these two pathogens. The team’s preliminary
studies on Bcc Midwest clone suggest that this organism has followed its own unique adaptive
pathway. Analyzing isolates of this Bcc epidemic clone that span over 27 years will lead to
obtain new insights that will inform the breadth and diversity of each of these systems. Novel
pathways of infection, adaptation, and long-term survival of a pathogen within its host may be
uncovered by comparing functional gene evolution between species. The goal of this project is to
determine how the Midwest clone has evolved and adapted to the CF lung during long-term
chronic infections.
Perpetua Muganda (NCAT), David Arnosti (MSU), Gerry Dozier (NCAT), and Clay Gloster
(NCAT) are working to understand coevolution and the role of herpesvirus and host
noncoding RNAs in the emergence of human breast neoplastic phenotypes. Human
herpesviruses have co-evolved with their hosts for millions of years, and are known to cause
viral latency, sometimes leading to the emergence of the neoplastic phenotype. The detailed
mechanism of the specific herpesvirus-host co-evolution culminating in the evolution of
neoplastic changes in specific cells/tissues of the host are currently unknown. The team’s longterm goal is to determine the step by step mechanism by which the human herpesviruses,
Epstein-Barr virus and Cytomegalovirus, co-evolve with their host cells in specific cell types to
cause the evolution of breast neoplastic variants. They are testing the central hypothesis that
breast tissue and the herpesviruses undergo co-evolution and adaptation to result in the evolution
of breast neoplastic phenotypes and variants through qualitative and quantitative evolutionary
changes in viral and host miRNAs and other noncoding RNAs. This hypothesis is supported by
the fact that non-coding RNAs are key regulators of evolution through changes in gene
expression. Qualitative and quantitative changes in viral and cellular noncoding RNA gene
expression will be measured along a continuum of the evolving breast neoplasia phenotype using
breast deep sequencing data. All results will be correlated in order to identify the changes in gene
expression that are co-evolving with the breast cancer phenotype. The causal role of these
changes in the evolution of the breast neoplasia phenotype will be directly tested in vitro.

Gene Regulatory Networks and Development
Rebecca Young (UT postdoc), Heather Goldsby (MSU postdoc), Arend Hintze (MSU), and
Hans Hofmann (UT) are studying developmental evolution in action by testing the “hourglass
model.” Embryos exhibit the greatest morphological similarity at their “phylotypic stage”, i.e.,
the point in development when species of a given lineage most closely resemble one another.
This hourglass model of development is supported by recent comparative transcriptomic
analyses, possibly due to interdependence (pleiotropy, epistasis) of gene regulatory networks
during the phylotypic stage. This team is testing this novel hypothesis by examining public gene
co-expression data across development – followed by topological network analyses. Further,
they have developed an in silico evolutionary model of a developing tissue using Markov Brains,
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which will allow them to ask whether intermittent developmental patterns resemble each other,
and explore the evolutionary mechanisms leading to an hourglass pattern of variation.
Billie Swalla and graduate student Shawn Luttrell (UW) are studying the evolution of gene
networks underlying regeneration. Many invertebrates related to humans, such as echinoderms
and their close relatives hemichordates, are capable of extreme regeneration and so do not age as
quickly as most vertebrates. Some hemichordate species completely regenerate their central
nervous systems and heads, if bisected in half. Hemichordates also exhibit three of the four
characteristics traditionally attributed to chordates, including pharyngeal gill slits, a postanal tail
and a dorsal, hollow nerve cord. The hemichordate Ptychodera flava can regenerate all of these
chordate tissues within two weeks, and so is not affected by normal aging. The team is
comparing the development of the central nervous system, the heart and kidney during
metamorphosis and regeneration. The ultimate goal is to understand the gene networks
underlying the processes of regeneration and anti-aging in these hemichordates.

Thrust Group 2: Evolution of Behavior and Intelligence.
This group investigates the evolutionary emergence, maintenance, and nature of intelligence
and other behavioral phenomena. The organisms studied tend to be self-directed and capable of
adaptive responses to ecological and social stimuli. Behaviors of interest include navigation,
cognition, communication, coordination, social dominance, and mate choice. Digital evolution
has proven to be a powerful tool in which data gathered from biological organisms can be
applied to recreate the evolution of complex behavior in digital organisms. By observing the
evolution of self-replicating digital organisms, we can understand the conditions that led to the
evolution of complex behaviors in biological organisms. Data from these studies of digital
evolution are integrated with studies of living systems from single-celled organisms all the way
up to mammals. Broadly, the 12 projects listed below are studying (1) behavior as a selective
force, (2) the evolution of behavior in response to the environment (both biotic and abiotic
environment), and (3) the evolution of locomotor behaviors.

Behavior as a selective force
Several current BEACON projects are focused on how behavior can act as a selective force
on other individuals and on oneself, affecting not only other behaviors but also physiology.
These studies include studies of behavior in the field, in the laboratory, and in silico.
Molly Cummings (UT) and Charles Ofria (MSU) are merging behavioral and digital
approaches to study coevolution of sexual selection and cognition. Intelligence or cognition
are typically thought of as a product of natural selection (variation in survival attributes). This
team is exploring whether learning abilities increase as a function of sexual selection (variation
in mating success). They hypothesize that mating system complexity arising from both malemale competition and female response (discrimination among courting males and resistance to
coercive males) favors an increase in cognitive abilities, resulting in a positive feedback loop
between cognition and the evolution of complex mating systems. For this project, the team is
using comparative behavior (mating system-specific assays in cognition, anxiety, sociality, mate
choice) and neurogenomics (gene expression across brain regions) methods with three poeciliid
(guppy) species, alongside digital evolution (Markov Network Brains) approaches to understand
BEACON 2016 Annual Report

II. Research, page 27

how mating system complexity might evolve. They ask: does sexual selection influence the
evolution of female learning? Does increased female cognition in turn influence the evolution of
alternative male mating tactics?
Postdoc Eben Gering, with Tom Getty and Danielle Whittaker (all MSU) are investigating
whether multimodal courtship abets feralization. In managed settings the chicken (Gallus
gallus) is a premier system for sexual selection research, thus its ornaments (e.g. the rooster’s
comb) and behaviors have been exceptionally well characterized. Surprisingly, however,
evolutionary studies of these traits have never been conducted in an unmanaged population,
including the rapidly evolving feral populations that occur worldwide. Gering and Getty
previously discovered that individuals in a feral G. gallus population on Kauai Island are a
product of recent admixture between ancestral stock (Red Junglefowl) and escaped domestic
breeds developed for reproduction (layers), fighting (gamecock) and/or growth (broilers). This
complex history has generated extraordinary sexual trait variation, and work in progress finds
evidence of non-neutral evolution of genes controlling ornaments and reproduction, suggesting
sexual selection in action. The team is capitalizing on this unusually complex yet tractable
system to: 1) measure relationships between male sexual traits and female mating preferences 2)
relate male traits to male dominance and hormonal status 3) compare these relationships among
populations with diverse patterns of recent ancestry. Results will be compared to predictions
derived from competing theories of sexual selection, thus informing highly active debates about
the evolutionary significance of non-random mating. In particular, this work will reveal how
mate choice abets or impedes the feralization of a non-native taxon with hybrid origins – a bird
whose “unnatural” history exemplifies many unique features of Anthropocene populations.
UW graduate student Frazer Meacham, with Thomas Getty (MSU) and Ben Kerr (UW), is
studying the coevolutionary dynamics of mate choice and parental care. This is a theoretical
study of the coevolution of male and female mating strategies and parental investment patterns.
Evolutionary theory predicts that individuals should prefer mates of higher “quality” who are in
good physical condition and possess superior genotypes. However, in species where males vary
not only in their intrinsic quality but also in their willingness to care for offspring, female
preferences for male quality may be more nuanced. Research questions include: (A) Can females
use a male’s attractiveness to gauge his likelihood of providing future parental care? And (B) if
so, how does discretionary male care influence female preferences? The team has developed
mathematical models to investigate these questions. Their results demonstrate that (A) it is
possible for a female to gauge whether a male will choose to help care for her offspring even
though she can only observe his physical quality, and (B) that the availability of paternal care
can cause females to be more willing to accept low quality males.
Kay Holekamp (MSU), Arend Hintze (MSU), and Risto Miikkulainen (UT) are examining
trans-generational epigenetic inheritance in living and digital hyenas and its implications for
understanding the evolution of behavior. Social experiences early in life may have lasting effects
on adult stress phenotypes through epigenetic modification of genes that coordinate the
hypothalamic-pituitary-adrenal axis (HPA). Currently, it is unclear whether these epigenetic
patterns are heritable, and if so, whether they affect fitness. The team is addressing these gaps
using data from the Mara Hyena Project, a long-term field study of free-living spotted hyenas
(Crocuta crocuta) in Kenya, started in 1988. Because spotted hyenas require an extended period
of maternal care during infancy and live in social groups structured by strict dominance
hierarchies, they offer a good model species in which to examine long-term effects of early
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social experiences. Additionally, the team’s detailed behavioral database and rich biorepository
span three decades, enabling them not only to assess relationships among early social factors,
DNA methylation, and stress phenotype within an individual’s lifespan, but also to examine
these associations across generational boundaries. The overarching goal of this project is to test
hypotheses suggesting causal relationships among early social experience, epigenetics, and adult
phenotype. The team hypothesizes that early-life social experiences are associated with adult
stress physiology and behavioral temperament, and that DNA methylation mediates this
relationship. Further, they hypothesize that some DNA methylation marks are heritable, and that
this may underlie persistent effects of the social environment on stress dysregulation and health
across generations. Finally, they will test the hypothesis that early-life social factors that act
through an epigenetic path are associated with longevity.
Danielle Whittaker (MSU), Kevin Theis (formerly MSU, now Wayne State University), and
Thomas Getty (MSU) are studying the evolutionary implications of sexual selection on
socially transmissible phenotypes. This team previously investigated whether symbiotic
microbial communities associated with songbird preen glands were producing chemosignals used
in avian reproductive behavior. They found that dark-eyed junco (Junco hyemalis) preen glands
did contain odor-producing microbes, and furthermore, that these microbes are documented
producers of over half of the volatile compounds known to be important in junco chemosignals.
The data also suggest that social behavior is a primary driver of an individual’s microbial
community structure: birds that spend time in close physical proximity or who have frequent
contact appear to develop similar microbial communities in a fairly short period of time. If these
microbial communities then affect their hosts’ signals used in mate choice, then an individual’s
microbial community and chemosignal profile is a dynamic state variable that integrates and
potentially reveals each individual’s recent social and ecological experience. The team proposes
that extremely plastic, everyday behavior could drive the evolution of sexually selected traits in a
population. They are examining whether social behavior predictably affects an individual’s
microbiome within and between species, how these changes affect an individual’s chemical
signaling phenotype over time, and the implications for sexual selection and parental investment
theory. This study is novel in focusing on a symbiotic phenotype that is continually updated
through animals’ social interactions, as compared to phenotypes updated via underlying
condition. This dynamic has profound implications for sexual selection.
Graduate student Amanda Perofsky, with Lauren Meyers (UT), is investigating factors that
influence gut microbiota diversity and intestinal bacteria transmission dynamics in wild
lemurs. Primates exhibit diverse ecological and behavioral patterns, ranging from solitary
foragers (many nocturnal lemurs and lorises) to several hundred individuals, as in the multi-level
societies of chimpanzees and hamadryas baboons. Many diurnal primates live in social groups
with individuals typically interacting frequently and intimately within their own group and rarely
with individuals outside of their group. The resulting dynamic and hierarchical contact patterns
constrain microbial transmission and fundamentally determine the fate of disease outbreaks.
Several studies have demonstrated that heterogeneity in contact patterns influences pathogen
transmission in wildlife populations. However, the effects of social contacts on the mammalian
gut microbiome, and downstream impacts on host physiology and health, remain largely
unexplored. The team’s previous work in wild Verreaux’s sifaka (Propithecus verreauxi)
indicates that social relationships are an important determinant of gut microbiome composition in
primate populations—social group membership and social network relationships predicted both
within-host diversity and between-host taxonomic variation in gut bacteria. They are now
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investigating the effects of social interactions, network structure, and proximity to other species
on commensal bacteria transmission dynamics (1) within and between sifaka social groups, and
(2) between animal populations inhabiting Kirindy Mitea National Park (KMNP), Madagascar.
By applying network-based statistical models to rich behavioral and bacteriological data, this
research will elucidate the impact of primate social behavior on susceptibility to bacteria, and
identify factors that shape the gut microbiomes of individuals, social groups, and populations.
The dynamic, data-driven models of microbial transmission within wild primate populations will
provide a conceptual bridge between primate social behavior and gut microbial composition, and
serve as a practical tool for assessing and reducing wildlife disease risk and addressing scientific
hypotheses regarding the relationship between disease susceptibility and the evolution of
sociality.

Evolution of behavior in response to abiotic and biotic environments
Kay Holekamp and Arend Hintze (MSU) are testing the Cognitive Buffer hypothesis,
which suggests that the evolution of general intelligence is favored directly by natural selection
to help animals cope with novel and unpredictable environments, where it is adaptive because it
enables individuals to exhibit flexible behavior, and thus find innovative solutions to problems
threatening their survival and reproduction. Various correlational data support the hypothesis that
general intelligence enhances fitness in new and unpredictable environments, but no
experimental work has yet been conducted to test predictions of the cognitive buffer hypothesis.
This team is now conducting such experiments in living and digital spotted hyenas. Hintze is
performing the work with digital hyenas and Holekamp and students are assessing general
intelligence in the context of evolutionary novelty in Kenya, as reflected in exposure to
urbanization.
Janette Boughman (MSU), postdoc Jason Keagy (MSU), Hans Hofmann (UT), Deborah
Stenkamp (UI), and Gideon Bradburd (MSU) are examining the evolution of sensory systems in
extreme habitat, particularly focusing on compensation for the loss of visual information.
Across Iceland are hundreds of lakes that formed since the last ice age, and others within the past
hundreds or even tens of years due to volcanic and glacial activity and intense storms.
Sticklebacks have repeatedly colonized many of these freshwater lakes and rivers, which present
novel, changing environments. The lakes vary ecologically; one of the most conspicuous
ecological differences is that some lakes are glacially fed and highly turbid, whereas others are
spring fed and clear. Sticklebacks use visual information to find food, avoid predators, and
choose mates. But in these glacial lakes visual information is obscured. How does the visual
system evolve in response? Is there heightened visual acuity to support vision, or instead
decreased overall investment in vision with another sensory modality evolving heightened
sensitivity to compensate? Are there changes in the sensory periphery (the eyes) or in the size of
brain region underpinning vision (optic tectum) or both? How quickly do these evolutionary
changes in sensory systems occur? To address these questions, this multidisciplinary team will
compare pairs of populations from glacial and clear water lakes across evolutionary time, for
both phenotypes and genotypes. They will evaluate the functional consequences and rate of
evolution in the visual system, and using novel computational approaches, the extent of genetic
change due to ecology, time, and space. The rapidity of adaptive evolution in stickleback fish
makes this the epitome of evolution in action. This new collaboration brings together expertise in
brain evolution, visual systems, computational genetics, and evolutionary ecology.
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Barbara Lundrigan, Laura Smale and Arend Hintze (all MSU) are investigating temporal
niche evolution, with plastic and mosaic activity patterns at center stage. Virtually every
animal faces major challenges that result from the earth spinning on its axis and the concomitant
daily fluctuations in light and temperature. However, the way that species cope with these
challenges can vary markedly: some concentrate their activity during the day, others at night, and
many have highly malleable or mosaic patterns. Evolutionary transitions from one temporal
niche to another involve modification of mechanisms that coordinate a multitude of behavioral
and physiological rhythms, but there are other changes that may have to occur as well to ensure
that animals can survive when their activity coincides with a world that is cold/dark,
warm/bright, or both. The team is now focusing on organisms, both virtual and real, that live in
the latter world, whose activity patterns are highly malleable or are characterized by short bouts
of activity distributed across a 24-hour period. They are taking an integrated approach that
includes a phylogenetic analysis of “real world” change in these patterns and in adaptations
associated with them, and computational modeling of evolution in a “virtual world” where
experiments can be performed to test hypotheses about how different parameters may have
shaped these evolutionary patterns. The project will contribute to education of undergraduate
students through development of a freshman honors seminar in which students become engaged
in a substantive research experience focused on the project, and an exhibit entitled "Temporal
Niche Evolution: Patterns and Process" will be installed at the MSU Museum.
Chris Adami and Devin McAuley (MSU) are working to understand attentional
entrainment in complex and dynamic environments. Humans and other animals have adapted
to live in environments that change at scales that range from milliseconds-to seconds, to
circadian and beyond. A special window into the cognitive processing of temporal signals is
audition because the patterns that sounds make are intrinsically extended in time. Therefore, the
processing of auditory patterns by necessity requires the representation of temporal information,
as well as of temporal patterns. In a recent study, human subjects were exposed to a rhythmic
(periodic) sequence of tones, followed by a tone whose duration the subject is to estimate (the
“oddball”). The oddball is usually the same duration as the background entrainment tone, but can
be delivered early, on-beat, or late, leading to differences in perceived duration because
entrainment creates a temporal expectation that alters perception. This study attempts to shed
light on how brains represent temporal structure as well as relative timing information by
creating—via the process of digital evolution—specific models of temporal cognition that go
beyond the standard models, in that they are logically explicit networks that process auditory
information in time. These networks are artificial brains (Markov brains) that can control
behavior, and that can be interrogated and tested just like human subjects are. But because we
have the ability to perfectly record from these artificial brains, we can deduce how and where
temporal information is represented and processed.
Gerry Dozier (NCAT), James Foster (UI), and Bert Baumgaertner (UI) are bringing together
software design and animal behavior in a study on simulating signals and security. A signaling
game consists of world states, actions, and two players: senders and receivers. Senders send a
message about the world state to receivers, and receivers engage in an action according to the
signal they receive. This team will extend signaling games simulations that they have already
developed by modeling how agents survive in a sufficiently complex changing environment by
learning how to reuse signals they developed in less complex situations. This goal will be
accomplished by implementing signaling games as agent-based models with a changing
environment. At the same time, they will extend our existing coevolutionary artificial immune
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system (CAIS) for active authentication, which is based on empirical usage data where users
signal their authenticity to software by their behavior and the system acts by granting the
appropriate level of access. The group will use results from simulations to tune and refine the
CAIS system, and they will use the CAIS system as a source of inspiration for more
sophisticated simulations.

Evolution of locomotor behavior
BEACONites also study morphology and locomotor behavior. Craig McGowan (UI), Phil
McKinley (MSU), and postdocs Jared Moore (MSU) and Catherine Shine (UI) are exploring the
evolution of efficient locomotion in quadrupeds. This team is exploring the evolution of
energy-efficient gaits, with results informing both robotics engineering and evolutionary biology.
Improving the energy efficiency of robotic systems can extend operating range, agility and
autonomy of such systems. In turn, direct observation of the evolution of energy-efficient gaits in
simulated quadrupeds can lead to a better understanding of the selective pressures that led to the
evolution of locomotor behaviors in nature, as well as provide insight into why alternative
behaviors may not have evolved. The project integrates computational evolution, biomechanics,
and digital simulation of robotic systems with experimental analysis of animal systems.
Previously this research team has successfully employed a similar approach to examine the
evolution of bipedal hopping and joint level control of locomotor gaits. They now focus on
energetically efficient gaits, observing the effects of secondary objectives on the behaviors of
robotic systems and comparing them to energy saving mechanisms that have evolved in nature.

Thrust Group 3: Evolution of Communities and Collective Dynamics.
Research in this group focuses on systems of interacting individuals and the emergence and
organization of higher-level assemblages including communities, social groups and multicellular
organisms. Broadly speaking, this research includes (1) evolution of cooperation; (2)
coevolutionary dynamics of interacting species; and (3) horizontal gene transfer and
recombination. Seventeen funded projects currently fall into this thrust group.

Evolution of cooperation
Ben Kerr (UW) and Rich Lenski (MSU), with postdocs Brian Connelly (UW), Luis Zaman
(UW), and graduate student Kyle Card (MSU), are conducting an empirical test of the
evolution of cooperation by the Hankshaw effect. This project uses a novel experimental
technique to test whether cooperation can be favored by hitchhiking along with non-social
adaptations, a process termed the Hankshaw effect by Hammarlund et al 2016, Evolution.
Specifically, they are examining how continued environmental stress and positive assortment –
via the presence of antibiotics in spatially structured environments – impact the evolution of
cooperative public goods production. Based on theoretical results, they hypothesize that
cooperators will reach highest frequency in the presence of stress and when populations are
structured. This experimental test of the hypothesis requires three components: a cooperative
trait (prudent resource consumption), positive assortment, and environmental stress (antibiotics).
They are testing the hypothesis with E. coli strains from the Long-Term Evolution Experiment,
with a water-in-oil emulsion system as a high-throughput method for providing spatial
structuring in microbial evolution experiments.
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Brian Connelly (UW postdoc), Ben Kerr (UW), and Caroline Turner (MSU graduate student)
are examining the evolution of cooperation through niche construction feedback using an
agent-based model. Previous studies on the evolution of cooperation have typically neglected
one potentially major determinant of evolutionary outcomes: environmental change brought
about by the organisms themselves. Yet through their metabolism, their interactions with others,
and even through their deaths, organisms constantly modify their environment. These changes
can produce evolutionary feedback loops in which environmental change alters selection, which,
in turn, alters phenotypes and their corresponding effects on the environment. This project will
reveal how environmental change brought about by organisms, or niche construction, affects the
evolution of cooperation. The team has explored how selective feedbacks influence the evolution
of cooperation as populations construct their environment, and are now widening their scope to
include scenarios where the environment itself is biotic, such as when symbiont populations
modify their host. They have developed and used an agent-based model to show that niche
construction can play a key role in the evolution of cooperation. Specifically, negative niche
construction, where organisms make the environment less fit for themselves, can allow
cooperation to persist and even invade under some conditions.
Charles Ofria and Chris Waters (MSU) are studying the evolution of collaborative public
goods production. Quorum sensing (QS) is a pervasive form of bacterial communication that
can control many important traits including virulence, toxicity, bioluminescence, and the
expression and secretion of extracellular proteins. QS is mediated by the secretion of
extracellular chemical signals, termed autoinducers, that increase with cell density. Upon a
threshold concentration of autoinducers, bacteria shift physiological state to take advantage of a
high cell density. In the marine bacterium Vibrio harveyi, for example, QS regulates the
expression of hundreds of genes. One such group of genes produces extracellular proteases that
break down proteins outside the cell to release nutrients. If there are too few V. harveyi cells,
nutrients will diffuse away before providing any benefit to the producing organisms or their kin.
However, at a critical population density, increased protease production is beneficial because of
the increased nutrients yielded. Of course this is a cooperative behavior and thus vulnerable to
cheating; defectors still benefit from the nutrients produced by the cooperating individuals even
though they did not help with production. The team is determining what population structures,
private resource distributions, and positive feedback mechanisms enable the evolution of quorum
sensing controlled public goods in V. harveyi and a new artificial life system.
Chris Waters and graduate student Eric Bruger (MSU) are also characterizing the genetic
changes explaining why quorum-sensing bacteria are more evolutionarily stable against
cheating than unconditional cooperators. Previous findings from the Waters laboratory have
shown that quorum sensing (QS) in bacteria is capable of functioning as a proximate mechanism
for stabilizing the cooperative behavior of extracellular protease production in staged
competition between lab-engineered strains. They investigated how QS cooperator-defector
dynamics would proceed if populations were allowed to evolve in a media environment where
cooperation provides a benefit in population productivity. Twelve replicate populations each of
QS-regulated (QS+) and unconditionally cooperating (UC) strains of Vibrio harveyi were
evolved in this environment for 2000 total generations. Similar to pairwise competition results,
QS+ populations faired much better than those founded with unconditional cooperators. While
defectors evolved in all populations, the dynamics they follow were distinctly different between
strains, with these defectors sweeping all of UC populations and extended coexistence occurring
between evolved defectors and QS+ ancestors. Additionally, in many QS+ populations there
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appeared to be downward selection on the magnitude of cooperation within cooperators,
evidenced by observable decreases in light production (bioluminescence), a trait that is also
positively regulated by QS.
Charles Ofria (MSU), Luis Zaman (UW postdoc), and Anya Vostinar (MSU graduate
student) are studying conflict and cooperation in the evolution of behavior-altering
symbionts. Symbionts are ubiquitous in nature, and many even thrive within humans. Some are
mutualistic, helping their host as they help themselves, while others are parasitic. One extreme
type of symbiont alters their host’s behavior, effectively turning them into “zombies.” Many
examples of these zombification parasites exist, but there have been no direct empirical tests for
how they evolve and only minimal quantitative theory. Further, while all known behavioralterations are damaging to the host, they are also the most likely to be observed due to the
unexpected behaviors they promote; there is no fundamental reason why behavior-altering
symbionts cannot evolve to be commensalists or even mutualists given the proper selective
conditions. As a simple example, symbionts that rely on a single host for a long period of time
must maintain that host’s health. This team is conducting experiments in two engineered systems
(one digital [Avida], one biological [f1 chronic phage]) to determine the conditions under which
populations of zombie parasites can stably co-exist with their hosts, as well as the factors that
influence whether these populations will remain purely parasitic or evolve to become
mutualistic. The team developed a new artificial life system, Symbulation, that models
coevolving symbionts and enables the testing of many hypotheses related to the evolution and
stability of mutualism. They have successfully evolved “zombie mutualism” in this simulation
where a host evolves to fully give up control to its symbiont. They are currently further
developing it with BEACON Distinguished Postdoc Sarah Doore to model her phage/shigella
system and explore the evolution of seroconversion due to mutualistic selection.
Kay Holekamp (MSU), with Mark Johnson (St. Andrews University) and postdocs Frants
Jensen (Aarhus University), Andy Gersick (Princeton) and Ari Strandburg-Peshkin (Max Planck
Institute for Ornithology), is examining cooperation in the face of social complexity. To
explain the evolution of cooperation, five general mechanisms have been proposed, including kin
selection, direct and indirect reciprocity, group selection, and network reciprocity. However, it is
often problematic to quantify the influence of each of these mechanisms, and to test them against
one another. With the long-term aim of establishing a model system where we can tease apart the
influence of different selective mechanisms acting to promote cooperation, the team is studying
cooperative resource defense in free-living spotted hyenas in Kenya. They have designed unique
radio collars that not only tell us the animal’s position in space, but accelerometer data captured
by the collar tell us how hyenas are moving through the landscape and a sound recording system
in the collar tells us what the hyena is hearing; the accelerometer data can then be used to
understand how individual listeners respond to distant vocal signals indicating that resources are
under threat. To better understand the evolution of complex, cooperative societies, they are
investigating how hyenas cooperate during communal defense of territory or food resources
through empirical work and computational modeling.
Chris Adami (MSU) and Kay Holekamp (MSU) are applying game theory to hyena behavior
to study the evolutionary origins of despotic societal structures. Hyenas live in despotic
groups where the high-ranking females enjoy better access to food, are protected from
aggression, and have more offspring than lower ranked females. This societal structure is
blatantly unjust, but it appears that it is an evolutionarily stable adaptation. What are the selective
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pressures that make such an unjust societal structure possible? What ecological factors favor it?
Can we learn something from the selective pressures that tell us something about unjust human
societies and how to perhaps remedy these? These are all difficult questions and one might think
altogether unanswerable. However, being able to study evolution in action might give us some
insights. Evolutionary game theory is a framework that allows us to study the balance of costs
and benefits. The plausible candidate theory (the Public Goods game) is inapplicable because the
cooperative hunting reward is not a linear function of the investment (as in the PG game), but
displays threshold behavior. Furthermore, the reward is not equally distributed to the hunters that
participated in the game. This team proposes to modify the standard PG game to account for
threshold behavior (the “collective hunting” game), and study the effect of unequal distribution
of the kill. They will set the parameters of the game using the empirical data provided by the
long-term hyena clan observation effort in the Mara desert of Kenya, yielding 27 years of data.
They have found that there is indeed a very interesting threshold effect that stabilizes groups of
all sizes – in fact, the game has been solved before for well-mixed populations, under the name
of the “Volunteer’s Dilemma.” The graduate student working with Holekamp (Eli Strauss) has
focused attention on social network analysis, opening up the possibility to use this particular
game to describe other situations.

Coevolutionary dynamics of interacting species
Doug Schemske (MSU) and Ben Kerr (UW), with graduate students Carina Baskett and Alita
Burmeister (MSU) and postdoc Luis Zaman (UW), are comparing biotic and abiotic selection
to determine whether coevolution is “special.” The latitudinal biodiversity gradient is a
striking biological pattern lacking an accepted explanation. One evolutionary hypothesis is that
biotic interactions are relatively more important drivers of adaptation than abiotic factors in the
benign stable climate of the tropics. Therefore, more coevolution at lower latitudes could lead to
faster rates of divergence and thus faster speciation rates. The team is testing the latter
component of this hypothesis using experimental evolution in bacteria to compare evolution
driven by biotic (phage) vs. abiotic (antibiotic concentration) selective agents. A technological
innovation (the morbidostat) allows them to dynamically administer antibiotics in a chemostat
and recapitulate selective death imposed by phage, allowing a controlled comparison of selective
agents. Four treatments are being tested for their effect on replicate bacterial population
divergence from the ancestor and each other: phage, fluctuating antibiotic, reciprocally changing
antibiotic, and a control. The antibiotic treatments mimic components of coevolution—namely
temporal change in selection and reciprocal selection, respectively. Divergence is expected to be
highest for the phage treatment because its structure evolves, while antibiotic can only change in
concentration. Because allopatric divergence is a key component of speciation, these
experiments may provide evidence linking biotic interaction strength to diversification rates,
filling a gap in our understanding of global biodiversity patterns.
Rich Lenksi and graduate students Alita Burmeister and Carina Baskett (all MSU) are
studying evolutionary and ecological effects of parasitism on host genomes. Antagonistic
interactions are predicted to accelerate evolution by increasing the rate at which populations
encounter new selective pressures, in part driven by the coevolution of new resistance and
infectivity alleles. Experimental evolution offers a method to directly control for the effects of
coevolution on focal populations, and genomic sequencing can then reveal genetic diversity.
Such studies with bacteria and lytic phage found that antagonistic coevolution resulted in
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increased genetic divergence among replicate populations. The team is testing this hypothesis
using Escherichia coli and bacteriophage Lambda. They have experimentally evolved bacterial
populations with and without phage present, thereby manipulating the effects of a natural mode
of coevolution, and we have used phenotypic assays to gather preliminary diversity data. They
plan to use whole population genome sequencing of evolved and coevolved bacterial populations
to estimate diversity in these treatments. This work will build upon existing studies by providing
a population-level sequence diversity analysis of evolved and coevolved bacterial genomes.
Andrew Ellington (UT) and Holly Wichman (UI) are conducting rapid analysis of parasite
dynamics and evolution in arthropod populations. Many viruses that afflict and threaten
humanity are carried by insects, such as the recent Zika virus outbreak that is carried by
mosquitoes. Being able to monitor the spread of the virus through insect and human populations,
and being able to chart viral evolution, are of key importance for public health decisions.
However, it is difficult to monitor viruses in the wild, because we lack instrumentation to do so.
It is also difficult to develop instrumentation, because experiments with diseases require
extensive and expensive containment. The Ellington lab has developed a portable device that can
ascertain molecular signatures of infection in the field. The Wichman lab has developed a model
system for infecting the laboratory organism Drosophila with arboviruses. This team is using the
point-of-care device to monitor the spread of arboviruses in Drosophila, with an eye towards
understanding whether this exercise could be extended to mosquito populations and more deadly
arboviruses in the wild. In addition, the Drosophila system can be used to monitor the spread of
the bacteria Wolbachia, which is being considered as a countermeasure to arboviruses. However,
there are legitimate concerns about containing countermeasures, and a study that can measure
interactions between host (Drosophila), pathogen (arbovirus), and countermeasure (Wolbachia)
will greatly inform the scientific and public health communities regarding how to best intervene
in insect-borne epidemics.
Kristina Hillesland and Heidi Gough (UW) are investigating the role of tradeoffs in
mutualistic coevolution in the lab and in the real world. The goal of the project has been to
determine whether a putative tradeoff between cooperative and non-cooperative metabolism in a
model sulfate-reducing bacterium, Desulfovibrio vulgaris, affects its evolution in both the lab
and the real world. The species Desulfovibrio vulgaris has been intensely studied by the
Department of Energy and many scientists for decades as a model sulfate-reducing species.
Sulfate-reducing species were thought to affect the functioning of microbial communities in
waste treatment sites of interest to DOE, as the cause of oil well fouling and pipe corrosion, and
other applications of environmental importance. In previous research, the team showed that this
sulfate-reducing species repeatedly acquired mutations that eliminated its ability to respire
sulfate during evolution without sulfate and in conditions requiring metabolic cooperation with a
coevolving archaea. This observation supported the hypothesis derived from phylogenies that
there is a tradeoff between respiration and cooperative fermentation (also called syntrophy).
These experiments have been designed to test the fitness cost of maintaining the ability to grow
alone by sulfate respiration when sulfate is unavailable; to determine whether this cost depends
on the frequency of genotypes that cannot respire sulfate, and to determine whether the genotype
of the interacting partner affects fitness. In addition, because they suspect that sulfate-respiration
has been lost several times in natural populations, they have striven to determine whether or not
it was happening in the anaerobic digestors in local wastewater treatment plants.
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Gregory Bonito and Kevin Liu (MSU) are conducting a phylogenomic study of adaptive
coevolution between early diverging fungi and obligate bacterial endosymbionts in the
Burkholderiaceae. They are testing hypotheses on the acquisition of bacterial endosymbionts in
a globally distributed soil fungus, Mortierella elongata, and its consequences for genome
evolution of host-endosymbiont partners. This work builds upon recently discovered bacterial
endosymbioses in fungi, and assembled genome sequences of both fungal host and bacterial
endosymbionts. They have developed and are employing novel computational inference methods
to study co-evolutionary signals in host/symbiont genomes to identify genomic regions under
positive selection and reorganization. This research will lead to improved inference tools for
genomic studies of adaptive co-evolution.

Horizontal gene transfer and recombination
In addition to studying how external factors influence biological diversity, BEACON
researchers are also studying how community dynamics affect variation through horizontal gene
transfer. UW postdoc Sylvie Estrela is working with Ben Kerr (UW), Eva Top (UI), Benjamin
Ridenhour (UI) and UI postdocs Wesley Loftie-Eaton and Thibault Stalder to examine how
alternating selection promotes horizontal gene transfer. Unlike eukaryotes, most prokaryotes
exchange genes horizontally and can do so at a high frequency. Plasmid transfer via conjugation
is a common mechanism of horizontal gene transfer in bacteria. It is still unclear, however, how
conjugative plasmids persist in populations given the costs associated with conjugation. Given
such costs, why are some genes found on conjugative plasmids rather than the chromosome? The
team first developed a mathematical model of plasmid dynamics consisting of three types of
cells: plasmid-bearing conjugative cells, plasmid-bearing non-conjugative cells, and plasmid-free
cells. This model and hypothesis predict that when all three types are grown in a mixed culture a)
conjugative plasmids are not maintained in environments under constant selection that favors the
plasmid-encoded gene (instead, non-conjugative plasmids that do not have conjugation-related
costs will dominate), b) conjugative plasmids are not maintained in environments under constant
selection that disfavors the plasmid-encoded gene (instead plasmid-free cells will dominate), and
c) conjugative plasmids are maintained in environments with alternating selection for the
plasmid-encoded gene by allowing the population to be periodically replenished with plasmidfree cells (potential hosts) and ensuring that conjugation remains advantageous. To test the
model prediction, they developed an experimental system consisting of an E. coli strain and the
F-plasmid. The population consists of three players: an E. coli strain containing a conjugationproficient F plasmid, a strain containing a conjugation-deficient F plasmid, and a plasmid-free
strain. Contrary to predictions, the conjugative F plasmid is maintained in the population
regardless of the selection regime, likely due to a high conjugation rate. Other plasmid types will
be similarly tested to determine whether this observed phenomenon is specific to the F plasmid
used, or whether there are other plasmids that must rely on alternating selection for their
persistence. Given the critical role that plasmids play in the spread of antibiotic resistance genes,
this work has wider implications for human health by contributing to our understanding of the
impact of antibiotic cycling on antibiotic resistance.
Wesley Loftie-Eaton (UI postdoc), Eva Top (UI), and John Mittler (UW) are investigating
how source-sink population dynamics facilitate plasmid host range evolution. Horizontal
gene transfer in microbial communities is facilitated by bacterial plasmids. Accessory genes
carried by these plasmids can encode antibiotic resistance and other beneficial traits. Under
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continuous strong selection, it is easy to understand how plasmids persist and spread. However,
in nature most plasmids do not encode genes with obvious host benefit, and even drug resistance
plasmids are not continuously under antibiotic selection. Following theoretical source-sink
evolution models, this team hypothesizes that genetic variation in the genome of a plasmid in a
long-term host (source) can facilitate adaptation to a naïve host (sink) in the absence of strong
external selective pressure. The group is testing this hypothesis with both experimentation and
mathematical modeling. Identifying ecological conditions that facilitate evolution of plasmid
host range under weak selection will ultimately help limit the spread of antibiotic resistance.
Paul Turner (Yale), Jim Smith (MSU), and Alita Burmeister (recent graduate student at
MSU; beginning postdoc in Turner lab in January) are examining gene-level selection, phage,
and the evolution of antibiotic resistance. Gene-level selection appears to be a common in
nature, where it underlies the spread of factors important to human health, such as antibiotic
resistance genes and pathogenicity islands. However, the evolutionary and ecological
mechanisms underlying gene-specific replication in natural populations have been understudied.
Molecular biology studies have determined that replication of individual genes can occur through
horizontal gene transfer from one genome to another. One of the major modes of horizontal gene
transfer involves the packaging of host DNA into phage capsids, which deliver the DNA to
another cell where it recombines into the chromosome. This process, termed transduction, has
long been used to transfer genes in laboratory molecular biology. This team will identify basic
principles of how Salmonella phage transduction evolves in natural populations, laboratory
populations, and in theoretical computational populations. These basic principles will help
predict future pathogen evolution and will inform policy and best practices for long-term
effectiveness of antimicrobial drugs and therapeutic phages.
Maitreya Dunham (UW) and Eva Top (UI) are identifying the natural reservoirs of
antibiotic resistance. The rapid evolution of multidrug resistant bacteria has become a serious
global human health threat. Horizontal transfer of plasmid-borne antibiotic resistance genes
(ARG) is a major contributor to this evolution of resistance. A wide range of environments like
soils, manure and wastewater treatment plants have been pointed out as reservoirs of ARG that
can end up in pathogens. However, limited information is available on the carriers of these ARG:
are they encoded by plasmids and can thus easily move to pathogens, and who are their bacterial
hosts? The team is adopting an innovative approach using chromosomal conformation capture,
or Hi-C, to physically link the resistance genes and plasmids to their bacterial host chromosomes
in these ecosystems before cell lysis, followed by deep metagenome sequencing. First they will
define the limits of the Hi-C method to correctly assign ARG to plasmids and chromosomes in
mock bacterial communities under different scenarios. After adjustments, they plan to apply the
method in situ to one soil and wastewater sample and expect to identify indigenous hosts and
plasmids that encode ARG. The preliminary results obtained through this pilot project will lead
to this multi-institutional, interdisciplinary partnership embarking on larger studies that will
assess the risk of horizontal transfer of ARG from environment to clinic. Follow-up studies will
eventually lead to breakthroughs in urgently needed approaches aimed at slowing the rapid
evolution of antibiotic resistance by restricting the flow of ARG from these environmental
reservoirs.
Rohan Maddamsetti, Jim Stapleton, and Rich Lenski (all MSU) are studying recombination
in evolution experiments. Observing genome dynamics in populations and communities
undergoing recombination and horizontal gene transfer remains a challenge. The ability to
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assemble complete microbial genomes at a reasonable cost leads to the ability to answer key
questions about genome evolution in the laboratory and in nature. This team used a variety of
genome sequencing methods to understand genome dynamics in an evolution experiment in
which E. coli K-12 Hfr donor strains were periodically introduced into 12 populations of E. coli
B derived from the long-term evolution experiment. Contrary to expectations, intergenomic
recombination did not speed up adaptation, despite demonstrably increasing genetic variation
over the course of the experiment. The team’s analyses are consistent with a scenario in which
recombination pressure was sufficiently strong to allow donor alleles to invade the recipient
populations without those alleles providing much, if any, selective advantage.

Thrust Group 4: Evolutionary Applications.
Technological applications of evolution have become more prominent in BEACON, as has
knowledge transfer, leading us to create a new Thrust Group as an umbrella for work that uses
evolution as a powerful tool. Evolution is a generative process that has created diverse and
complex biological systems, but fully harnessing that creative power has remained elusive.
BEACON researchers are making advances in areas including applications for (1)
biotechnology; (2) agriculture; and (3) healthcare, with a special focus on combating the
evolution of antibiotic resistance; as well as (4) development of evolutionary computation
methods. Below we describe 16 projects currently funded in this thrust group.

Biotechnology Applications
Ben Kerr (UW), Luis Zaman (UW postdoc), and Richard Lenski (MSU) are harnessing
water-in-oil emulsion technology to enhance product yield for biotechnology. Metabolic
byproducts from microorganisms are proving increasingly valuable in biotechnology, from the
production of pharmaceuticals to biofuels. One major obstacle in the use of microorganisms in
industry involves the difficulty in maximizing and maintaining the yield of desirable products. .
Part of the difficulty is that yield often trades off with growth rate; consequently, genetic variants
that improve growth rate (and thereby decrease yield) will generally have a competitive
advantage, at least under standard well-mixed culture conditions. The team is using oil-inemulsion technology and experimental evolution to select for greater yield production in isolates
from various time points of Lenski’s long-term evolution experiment, which have shown
increasing growth rate (and concomitantly decreased growth yield) over time. This method
presents the opportunity to explore the potential for evolutionary reversion to higher yield (and
the accompanying genetic changes) from various states of rate adaptation. Also, as the oil
emulsion system can be easily applied to industrial settings where microorganisms are
necessarily propagated in large bioreactors, results from this experiment will be directly
applicable to biotechnology. This project represents a unique opportunity to address a
fundamental challenge in biotechnology while contributing to our understanding of evolutionary
processes.
Chris Adami (MSU), Dukka KC (NCAT), and Claus Wilke (UT) are improving contact
map prediction combining correlated mutation information using evolutionary
computation. Contact map prediction is an important problem in protein structure prediction.
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Contact maps, matrix representations of protein residue-residue contacts, provide an avenue for
predicting protein 3D structure from sequence data. Various approaches have been developed for
predicting these maps, however the prediction accuracy is not yet satisfactory. In this regard, to
address the limitations of machine learning-based approaches, the team has recently developed
an alternative approach using Markov Networks that can be evolved instead of trained. The
group is currently working to improve the prediction accuracy of their Markov-Network-based
contact prediction method, and to identify the mechanistic details of which features are
contributing to the contacts.
Jeff Barrick (UT), Dukka KC (NCAT), and Scott Newman (NCAT) are studying directed
evolution of novel protein functions using expanded genetic codes. The genetic code is nearly
universally conserved. Consequently, little is known about how the chemical palette of the
standard 20 amino acids (AAs) constrains evolution. For instance, can the genetic code be altered
by ongoing evolution or human engineering, and what limits, if any, govern the side chain
chemistries that can be used effectively? Likewise, can specific side chain chemistries be used to
selectively alter the biochemical and/or biophysical properties of a protein and, if so, to what
extent can computational biology be used to inform applied evolution experiments to optimize
these properties? The team is exploring these questions using genetic codes that are synthetically
expanded with 21st noncanonical amino acids (ncAAs). Specifically, they are testing the impact
that expanding chemical space has on evolving two types of proteins with widespread
applications in medicine and biotechnology: antimicrobial peptides and fluorescent proteins. The
group hypothesizes that ncAAs will have distinct phenotypic effects relative to those of the
standard AAs that make new and useful properties accessible to directed evolution experiments.
In parallel, they will use the Rosetta molecular modeling software to understand how an
expanded chemical space impacts the structure and function of the resultant proteins and to guide
mutagenesis and library design strategies for applied evolution experiments aimed at optimizing
the biochemical and biophysical properties of ncAA-containing proteins.
Maitreya Dunham (UW) and Jeff Barrick (UT) are developing methods to reduce yeast
evolvability. Synthetic biologists are designing organisms with increasingly complex functions
encoded in DNA sequences. Evolution is a foundational challenge for bioengineering because it
makes the function of these genetically modified organisms unpredictable and unreliable.
Budding yeast (Saccharomyces cerevisiae) is an important organism for industrial-scale
fermentations. One of the signature achievements of synthetic biology to date has been creating a
yeast strain that is able to produce a precursor of the antimalarial compound artemisinin in high
yield. However, genetic instability of this and other reengineered metabolic pathways has been a
major hurdle to achieving efficient large-scale production, and evolutionary failure is beginning
to be recognized as an economically important problem in the biotechnology industry. The first
goal of this project is to understand and reinforce synthetic biology in yeast against Evolutionary
Failure Modes (EFMs). The team is profiling the EFMs of model devices in yeast using high
throughput DNA sequencing. This information will be used to refine predictions of genetic
instability made by an EFM Calculator software tool. Second, they are combining rational and
directed evolution approaches to create yeast strains with generally reduced mutation rates.

Agricultural Applications
Erik Goodman (MSU), Erik Runkle (MSU), and international collaborators are working on
greenhouse optimization using evolutionary computation. The overall goal is to develop
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greenhouse climate control strategies that balance maximizing of tomato fruit yield and
minimizing of resource consumption for a new generation of greenhouses in China. The control
system will use the concept of “compatible control,” using ranges of allowable states rather than
single target values. For this control system to be evolved correctly, the plant growth/yield model
must work very robustly, so that unusual and poor growth conditions that would never be tested
by a human greenhouse manager—but MIGHT be generated by a genetic algorithm—will not
improperly be assigned high yields. This allows a genetic algorithm to explore the control space
freely without generating unrealistic behaviors and results. Initial models of greenhouse
environment and tomato crop were derived starting from published data, but these models were
revised extensively in 2014-16. Dr. Erik Runkle, an MSU expert in greenhouse management, has
guided redevelopment of the model of the crop, greenhouse and its control system.
Multiobjective evolutionary optimization of the compatible controller was begun in spring
semester, 2015. Initial optimization results indicated that a more robust control scheme was
needed, and introduction of a PID controller with evolvable setpoints and control parameters was
begun in September, 2016. The experimental greenhouse in Shanghai in which the controller is
to be validated is being prepared to perform that validation as soon as the control algorithm is
ready.
Kalyanmoy Deb, Andrey Gruber, and Alvin Smucker (MSU) are developing ways to ensure
minimal water and nutrient usage for maximum crop yield using multi-objective
evolutionary algorithms and subsurface water retention technology. Optimizing a food,
energy and water (FEW) nexus system is an international priority. National and international
projections suggest that 65% more food and biomass production will be required to support
global human populations approaching 9.6 billion by requiring 50% more irrigation water by
2050. Water is vital for irrigation of crops but water is also scarce; today’s food and biomass
producers are obligated to use judicial consumption of water for irrigation. In a previous project,
this team optimized the new Subsurface Water Retention Technology SWRT for minimizing
irrigation water supply while maximum retention of water in the root zone using HYDRUS2D
simulation software. However, ensuring continuous supply of water at the root level does not
guarantee the growth of crop and eventual crop yield, which itself depends on many factors, such
as incoming solar energy, plant transpiration rate temperature, climatic conditions, type of crop,
etc. In this project, the group extends their current research by including another evaluating
software (DSSAT) for estimating crop growth. With two computationally expensive softwares
(HYDRUS2D and DSSAT) providing two conflicting objectives (water usage and crop yield) in
an EMO, they address the precision irrigation optimization problem in a holistic manner and
connect food, energy and water nexus problem efficiently using MSU's own SWRT technology.
Scott Harrison, Felicia Anike, and Omoanghe Isikhuemhen (NCAT) are investigating fungal
microbiomes in pigs. The team is developing new analyses and new technologies with
evolutionary science for resolving challenges related to the monitoring and cultivation of
agricultural livestock. As a case study in industrial application, this project also provides students
with experiential training in the day-to-day operations of a genomic sequencing service. Their
aims are: 1) to compare microbiomes of domestic and wild pigs as hosts of fungal and other
microbial populations; and 2) to conduct reproducible formal comparative methodologies that
efficiently and meaningfully relate next generation sequencing data to metagenomic profiling
and coevolutionary analysis.
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Healthcare Applications
James Bull (UT) and Scott Nuismer (UI) are predicting the evolution of synthetic
genomes, focusing on transmissible viral defense. The goal of this project was to develop the
concept of an infectious vaccine – a transmissible agent that protects the host against harmful
agents such as lethal viruses. The original intent was to develop a synthetic system, using
bacteria and phages, in which the vaccine was engineered to block infection by the lethal virus.
The team realized the concept was so original that they should develop it more broadly, and
expanded the empirical focus beyond synthetic systems to include natural agents that could
function as a vaccine against lethal viruses. As the theoretical component of the work progressed,
Matthew Paff from UI’s Math department joined the team. This work has led to multiple
publications and an NIH grant to do a combination of theory and empirical work on infectious
vaccines.
Chris Waters (MSU), Joseph Graves (NCAT), and Jeff Barrick (UT) are using evolution to
explore antimicrobial resistance and spur new antimicrobial development. Antimicrobial
resistance is a growing health threat that has been recognized by the Federal Government of the
United States as a key national health priority. Without the development of novel antimicrobial
therapies, a number of infections will become untreatable. The goal of this project is to use
experimental evolution followed by whole genome sequencing (EERseq) to explore the
development of resistance and the mechanism of unique antimicrobial agents. Understanding the
mechanism of these agents, and how bacteria evolve resistance to their treatments, are key steps
in the drug development process. The major focus of the Waters laboratory is to develop novel
agents that can treat bacterial biofilm infections. Biofilms are defined as multicellular
communities of bacteria encased in an extracellular matrix, and are inherently resistant to
antibiotic treatment. In collaboration with the Barrick laboratory, mutations leading to resistance
will be identified and ultimately reconstructed in the parent background. In parallel with this
work, the Graves group continued its efforts to investigate the genomic foundations of resistance
to silver (AgNP and Ag+) in Escherichia coli K-12 MG1655. Their goals are to 1) develop
CRISPR-Cas9 competent cells to allow genome editing of identified silver mutations from
selection experiments into ancestral K12 MG1655; 2) develop plasmid mediated acquisition of
silver resistant mutations into ancestral K12MG1655; 3) measure gene expression profiles of
silver resistance in mutant genomes; and 4) model protein structure changes due to anti-silver
mutations in cusS and other silver resistance associated loci. The Barrick lab has continued to
develop breseq software for analyzing the genomes from EERseq experiments
(https://github.com/barricklab/breseq). They have also created an interactive website
(implemented using the R package Shiny) for displaying and filtering mutations found in the
Lenski long-term evolution experiment (http://barricklab.org/shiny/LTEE-Ecoli/). This code can
be used to display the mutations found in EERseq experiments in the future.
Holly Wichman (UI), Clause Wilke (UT), and F. Marty Ytreberg (UI) are developing ways
of predicting non-functional mutations in protein complexes. Robust methods to predict the
trajectory and consequences of real-time viral evolution have many important applications in the
fight against infectious disease. The long-term goal of this project is to develop a computational
approach for predicting when evolution is about to outpace the effectiveness of vaccines and
other immune-based therapies. The team’s approach relies on asking which mutations in a virus
disrupt antibody binding while still allowing viral function; these will constitute a watch list for
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pathogen surveillance. They are complementing three methods of molecular modeling with
empirical tests of functionality to assess the cut-offs for changes in folding and binding
consistent with viral function. Currently they are in the process of building 20 viruses containing
mutations predicted to disrupt folding of a viral spike protein, 20 predicted to disrupt binding of
proteins to each other, and 20 arbitrarily selected to cover a range of folding and binding effects.
Folding and binding stability will be estimated using modeling for all 3325 possible amino acid
substitutions in a spike protein by the least computationally intense method, for all 60
constructed mutations by the intermediate method, and for a subset of constructed mutations by
the most computationally intense method. The resulting dataset will be unique and rich, will
reveal the cut-offs for functionality, and will provide the statistical power to examine the tradeoff between functionality prediction and computationally intensity of modeling methods.

Development of Evolutionary Computation Methods
Bill Punch and graduate student Armand Burks (MSU) are hybridizing structural and
behavioral diversity for efficient genetic programming. A substantial amount of research has
been conducted with the aim of understanding the role of structural diversity in genetic
programming (GP). As a result, several techniques have been developed to promote structural
diversity during the evolutionary process in order to improve the efficiency of GP. Over the
recent years, however, a newer body of work has shown that while structural diversity is vital to
the success of GP, methods that focus on sustaining behavioral diversity may be even more
beneficial, due to the complex genotype-to-phenotype mapping. While these two research areas
have received a lot of attention, they have often been developed independently of each other.
This project focuses on simultaneously leveraging the benefits of both structural and behavioral
diversity to achieve a more efficient, robust, and scalable GP system.
Arend Hintze (MSU) and former MSU postdoc Brian Goldman (now at Google) are working
on faster evolution of Markov Brains using P3 (the Parameter-less Population Pyramid).
The Parameter-less Population Pyramid (P3) is an easy to apply method for performing fast and
accurate evolution, developed by Goldman with Bill Punch (MSU) under a previously funded
BEACON project, but it is currently limited to binary representations. Markov Brains are an
expressive way of converting binary representations into classification and learning machines,
but are typically evolved by an inefficient and hard to configure genetic algorithm. Both
technologies by themselves have been proven to be very useful tools to either find solutions for
evolutionary computational problems as fast as possible, or to study the evolution of intelligence.
One key issue this project sought to overcome is to interface both technologies with each other.
P3 typically prefers to optimize strings of up to 2000 bits, whereas Markov Brains are encoded
by 5,000 to 20,000 bytes. However, Markov Brains can be compressed to be encoded by less.
The team devised “Bit-Brains” that are Markov Brains that are encoded by a minimal number of
bits to make them easily compatible with the P3 requirements, and are working on more ways to
implement these tools.
Clifford Bohm (MSU) is developing an automated method for recycling evolved elements
in Markov Brains to improve the speed and strength of adaptation. If we hope to evolve
general-purpose intelligent machines, we must find ways to utilize logic evolved in one problem
domain to help solve problems in others. For that, we must develop techniques that can
determine, extract and recombine parts of solutions to problems that may appear to be different,
but which share methods or algorithms. Ideally these techniques would be fully automatic and
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would not be limited by human insight. Bohm is extending existing Markov Brain software to
allow for remapping of existing evolved Markov Brains so that they can be recombined so that
previously evolved solutions can be used as stepping stones to evolve new solutions.
Amir Gandomi (MSU) is developing multi-objective evolutionary computation
techniques for structural engineering. Each structure needs to be optimized before it is built,
and also monitored during different processes. Many parts should be optimized from design to
monitoring, including weight/cost optimization, sensor localization, and system identification.
Because of the complexity of the problem and the fact that most of these problems are black box
problems, they need to be solved using derivative-free techniques such as evolutionary
computation techniques. Geometrical, mechanical, and other constraints are main sources of the
complexity of these problems. Gandomi is working on the application of evolutionary
computation techniques in structural and other engineering systems, and on constraint handling
in these problems in particular. As most real-world problems are multi-objective, these
algorithms will be expanded for multi-objective optimization.
Risto Miikkulainen and graduate student Jason Liang (UT) are evolving deep networks.
Deep Learning Neural Networks have recently been shown to solve many challenging problems
from image recognition to language translation. Often the performance is based on carefully
designed complex network architectures. In this project, an approach is being developed for
evolving deep learning architectures based on coevolution of modules and blueprints. The
resulting networks should improve deep learning performance over hand-designed architectures.
The approach will be tested on the standard image recognition benchmark of CIFAR-10, as well
as the new problem of recognizing objects in cluttered images in the COCO benchmark. The
project will thus demonstrate a unique role for evolutionary computation in the current AI
literature, i.e. optimization and discovery of effective deep learning designs, and thereby increase
the visibility of EC in mainstream AI.
BEACON work also focuses on implementing evolutionary robotics. Xiaobo Tan and
Kalyanmoy Deb and their students (MSU) are working on optimal design of artificial lateral
line systems in robotic fish under uncertain conditions. The lateral line is an important
hydrodynamic sensory system for fish and for many amphibians, and plays an essential role in
various behaviors of these animals, such as prey/predator detection, schooling, station holding,
obstacle avoidance, and rheotaxis. Inspired by the lateral line system, recent years have seen
emerging interest in engineering artificial lateral lines as a new noiseless sensing modality for the
navigation and control of underwater robots and vehicles. In the current reporting period, the
team investigated the problem of tracking a moving object, employing the extended Kalman
filter to improve the prediction of the moving object using sampled local velocity components.
They also investigated the problem of dipole localization in 3D space. Some shortcomings in the
flexibility of previous designs were investigated and alternatives were proposed and studied. In
particular, importance of variation of the sensor measuring directions, using out-of-plane
locations for sensors and using multiple artificial lateral lines was demonstrated.
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2b. Progress towards metrics listed above.
Integrative Research Goals
1. New research collaborations and proposals
•
•
•

Of the 68 projects currently underway, 35 are new projects and include new collaborations.
177 publications submitted this reporting period, of which about 47% are reported as
multidisciplinary and 38% can be categorized as multi-institutional
Many projects include funding for students/postdocs/faculty to travel between partner
institutions.

2. New paradigms for research in organic and digital domains
•
•
•

Number of new sessions at scientific meetings or scientific meetings hosted at BEACON:
None to report for this period.
Number of new journals and societies: None to report yet.
New or increased funding for biocomputational research: so far in this reporting period,
BEACON researchers have submitted at least 60 proposals, and >$11M in external funding
has been granted.

3. Increase in publications related to evolution in action
•
•

•

Number of publications: 177 publications submitted by BEACONites to date in the current
reporting period
Increase in BEACON publications and citations: In recent annual reports, we used a Python
script to query Google Scholar to 1) find publications that BEACONites reported for each
reporting period and 2) count the total number of citations of those publications. At the time
of writing, we have been unsuccessful in our attempts to run the code again this year, as
Google has increased its protections against automated searches. There have been over 1000
BEACON publications to date, and without an automated way to collect these data, it is not
feasible to report on this metric at this time.
High visibility science journalism about BEACON research: Since our previous annual
report, there have been 7 university press releases about BEACON research. Over 30 features
on BEACON research appeared in the mainstream and online media since then, including
high profile pieces in New Scientist, Scientific American, and The New York Times.

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

It is no longer possible to track Avida downloads, as Github has removed that function. We
will explore new methods of tracking Avida downloads for the next reporting period.
The new version of Avida-ED is browser-based. The development team is exploring new
ways to track users.
over 5,000 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
• Robert Pennock and Michael O’Rourke have offered 5 Scientific Virtues workshops at
BEACON in the current reporting period, including a new module on Perserverance. James
Foster also offered 5 modules as part of a class at the University of Idaho.
• The very multi-disciplinary weekly Friday meetings have been going on continuously since
October 29, 2010. 30 seminars were offered in the current reporting period.
Research Output Goals
1. Original research by BEACON members on evolution in action will be prominent in the
evolution literature
•
•
•
•

Number of publications submitted: 177 reported to BEACON February-October (goal is 150
per reporting period, February-January)
Conference presentations: 227 reported (goal is 150)
Grant proposals submitted: 60 submitted (goal is 40)
Our ongoing goal is 150 publications, 150 conference presentations, and 40 grant proposals
submitted per year in the first two years. These goals were not met in 2011 – likely due to
underreporting by BEACON members – but have been met annually since then. Our original
goal was to increase these numbers by 50% by October 2015, which has been achieved
already for conference presentations and grant proposals, and nearly achieved for
publications. Our new goal for phase 2 of BEACON funding is to double the original
numbers: 300 publications, 300 conference presentations, and 80 grant proposals submitted
per year, by October 2020.

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

Sixth External Advisory Committee meeting was held August 2016.
Feedback from last External Advisory Committee meeting was very positive (Appendix C).

2c. Research plans for the next reporting period.
Most of the projects described above will continue into the next reporting period and end in
August 2017. We will hold our project selection process for Year 8 (see explanation in VII.
Management) in February 2017 in order to choose projects that will begin in August 2017. We
do not anticipate any further changes in thrust groups or research themes.
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III. EDUCATION
1a. Overall Education Goals
BEACON’s Education, Human Resources, and Diversity (EHRD) overarching goal is to
integrate cutting-edge, multidisciplinary research, education, and outreach across the Center that
will advance innovative training, increase the diversity of the Center and scientific workforce,
and promote greater understanding of evolution and the nature of science throughout public
education. We are approaching this goal in two ways: by educating a diverse new generation of
interdisciplinary scientists and engineers and by advancing K-16 programs that address the
pressing national need to bolster U.S. pre-eminence in science and technology by educating
people about the importance of understanding, managing, and harnessing biological and
computational evolutionary processes.
Recent science education reform recognizes that students learn better when information is
organized around major unifying concepts (National Research Council, 2012), and all recent
science education reform places evolution as a core idea within the biological sciences (Brewer
and Smith, 2011; College Board, 2011). Yet, evolution is summarily rejected by nearly half of
the general public living in the United States (Miller et al. 2005). Across all BEACON, our
educational projects aim to use BEACON research demonstrating evolution in action to reveal
the power of evolution, showing 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.

GOAL
Multidisciplinary Ph.D.
graduates and post-docs
placed in faculty positions at
rates approaching averages
across engineering, computer
science, and biology
Increased public literacy in
evolution and the nature of
science

Education Goals
METRICS
Fraction of BEACON
graduate students and postdocs receiving offers of
faculty positions

Development of educational
materials

Adoption of materials by
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PROGRESS
Among BEACON’s alumni to
date: 13/82 (16%) PhDs and
11/23 (48%) postdocs are now
in faculty positions. 45 (55%)
of BEACON PhD graduates
are currently in postdoctoral
positions.
Testing, presentation, and
publication of educational
materials. Evaluation
instruments are being used to
assess effectiveness.
Cross-institutional
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Increased interest in STEM
careers in both academia and
industry

teachers; frequency of public
use of online materials and
visits to museum exhibits
The creation of programs that
provide for the sustainability
of students interested in
STEM
Communication of the
diversity of careers associated
with STEM disciplines

dissemination of materials is
underway.
Programs like the Luminaries
Scholars and URA program at
KBS assist in these areas.
Participation in diverse careers
workshops, and tracking our
own students.

1c. Problems encountered in making progress towards goals
Internal education activities: We continue to discuss and evaluate the effectiveness of our
educational programs. Our graduate training courses create unique inter-institutional challenges
such as different academic calendars (for example UW is on a quarter system whereas MSU is
on a semester system). Despite these challenges Computational Science for Evolutionary
Biologists CSE 801 currently has 12 students enrolled for Fall 2015 and Evolutionary Biology for
Non-life Scientists has 5 students for F15. These numbers show an increase from last year.
External education activities: The greatest challenge comes in assessing our effectiveness at
meeting our goals related to increasing public understanding of evolution and the nature of
science. Many of our external outreach activities are designed to be short and highly interactive.
It is difficult to assess what learning occurs. We do, however, use these opportunities to test the
operations of the activities we develop, and from that perspective, these can be viewed as
successful as they give us an opportunity to work out the bugs. We also regularly receive
positive feedback and evaluations related to our outreach activities.

2a. Internal Education Activities
Activity Name
Led by
Intended Audience
Approximate # of attendees

Interdisciplinary Graduate Education
Chris Adami, Arend Hintze, Louise Mead, and Charles
Ofria (MSU)
Beginning graduate students
~25 per year

BEACON has instituted a series of courses specifically designed to train graduate students
across disciplines. Courses include Computational Science for Evolutionary Biologist (MSU’s
CSE 801, Fall) taught by Dr. Arend Hintze; Evolutionary Biology for non-Life Scientists (ZOL
890) taught by Dr. Louise Mead; and Multidisciplinary Approaches to the Study of Evolution
(CSE 891, Spring) taught by Drs. Charles Ofria, and Chris Adami.
Computational Science for Evolutionary Biologists: This class emphasizes programming
in the first 5 weeks and teaches students Python and iPython-notebook. The second half of the
class is about computational modeling and data analysis, and deepens the students’ programming
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skills further. The class has 15 participants for the F2016 semester, with 2 of these students
auditing.
Evolutionary Biology for Non-Life Scientists: ZOL 890-601 is currently being taught at
MSU, with an enrollment of 2 students, and 1 student auditing. The learning goals of the class
are for students to: (1) understand key concepts of evolutionary biology; (2) relate evolutionary
concepts to patterns of biological diversity; (2) be able to construct and test evolutionary
hypotheses; (3) be excited about evolutionary biology; (4) be able to explain evolutionary
biology to non-scientists; (5) recognize what they do not know about evolutionary biology and
develop strategies to complete their knowledge. The course is currently co-instructed by Drs.
Louise Mead and Michael Wise. The opportunity to engage a postdoctoral researcher as a coinstructor provides additional training.
Multidisciplinary Approaches to the Study of Evolution: In Spring 2016, eight students
were enrolled in the course. The course provides an introduction to engaging in multidisciplinary
research collaborations involving biologists, computer scientists, and engineers by addressing
fundamental questions about the dynamics of actively evolving systems (both biological and
computational). Students work on these projects in multidisciplinary and multi-institutional
teams, with guidance to help them develop an understanding of the nature and challenges of such
collaborative endeavors and how to overcome discipline-specific language and conceptual
issues. Additionally, students are introduced to fundamental topics in experimental design and
statistical analysis, critical to the success of any research project. As part of the final project,
students first formulate individual research proposals, the best of which (as decided by both
students and faculty) are then selected as group projects. Many of these projects lead to
publications.
Dr. Claudia Vergara of the Center for Engineering Education Research (CEER) has been
evaluating our sequence of graduate courses over the past few years. At this point we feel we’ve
instituted a successful series of courses for our students, but continue to tweak the courses in
response to feedback from our site visitors. For example, this year we have added a personal
genomic analysis exercise whereby students will have the opportunity to carry out analyses on a
large curated human genomic dataset as well as have their own genome sequenced by 23 & Me.
Drs. Wiser, Mead, and Hintze are working together to create an activity that will be used in both
the fall graduate courses.
Activity Name
Led by
Intended Audience
Approximate # of attendees

A short-course in microbial metagenome analysis
Ashley Shade and Tracy Teal (MSU)
Graduate students, postdocs, and faculty
20-30

BEACON responded to the need for microbial metagenomic analysis training in ecoevolutionary research by supporting a ten-day, intensive short-course in how to analyze
microbial metagenomic data, from raw sequence handling to statistical analyses, co-taught by
Drs. Ashley Shade and Tracy Teal. The short course provided training for advanced graduate
students, post-docs, faculty from both research and teaching institutions, and advanced
researchers from government laboratories and industry. The overarching educational objective
was to provide computational, bioinformatics, and statistical training in how to analyze microbial
metagenomic data, from raw sequence handling to statistical analyses. In support of this
objective, the course included four specific aims: 1) Improve computing literacy by developing
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key skills; 2) Master state-of-the-science tools for microbial metagenome analyses; 3) Apply
statistics and interpretation appropriate for sound experimental designs; 4) Demonstrate best
practices for managing large datasets and for using computing resources.
Shade and Teal successfully ran this course, the Explorations in Data Analyses for
Metagenomic Advances in Microbial Ecology (EDAMAME) Workshop
(http://www.edamamecourse.org), in 2014 and 2015 with BEACON ad-hoc support and the
support of this grant, and received overwhelmingly positive feedback. In 2015 the team received
an NIH R25 grant to continue to support the workshop for three years. They ran the course again
July 10-20, 2016, with the addition of Dr. Adina Howe as an instructor. They had 67 applicants
from all over the world for this course and accepted 24 participants. Dr. Danielle Whittaker,
BEACON Managing Director, was one of the course participants.
In 2016 the instructors added more content focused on developing and testing hypotheses
with metagenomic data and updated our lessons using the most recent analysis approaches. All
materials are open access and freely available under the CC-BY license
(https://github.com/edamame-course/2016-tutorials/wiki/Learning-Goals). Teaching was handson interactive instruction using these tutorials. These tutorials are also structured for self-guided
learning after the workshop or for people who could not attend. They also broadcast the
workshop to a remote location this year, with 8 remote participants at University of Notre Dame.
Feedback from the workshop was again overwhelmingly positive with participants stating that it
“was a great way to get hands-on experience using cutting-edge metagenomics techniques” with
learning focused on key steps in advancing “big data” studies including (1) pursuing hypothesisdriven research, (2) planning ahead, and (3) practicing reproducible science.
Activity Name
Led by
Intended Audience
Approximate # of attendees

BEACON REU/URA Field Experience at Kellogg
Biological Station
Kay Gross (MSU), Gregory Goins and Joseph L. Graves Jr.
(NCAT)
Undergraduate Students
6

For the past six years (beginning in 2010) BEACON has offered a summer undergraduate
research program at the Kellogg Biological Station (KBS) that includes opportunities to study
evolution in action The primary goal of this program is to provide a research and educational
experience for undergraduates that introduces them to the research programs of BEACON
(center-wide), how field-based research can address the research goals of BEACON, and assist
them in pursuing research focused on ‘evolution in action’ at their home institution. This
program is a “scaffolded” program providing both early career (Undergraduate Research
Apprentices - URAs) and more prepared students (REUs) with research experiences appropriate
to their preparation and interests.
BEACON is one of several partners that provides funding for the KBS URA program. In
2016, we supported 11 MSU students as URAs; four of these students were funded by BEACON
and worked with graduate students or postdocs conducting research related to the goals of
BEACON. In addition, 2 of the 10 students supported on the NSF site award worked with
BEACON affiliated faculty. The REU students were non-MSU students, and one of the two was
selected in collaboration with the SEEDS program of the Ecological Society of America.
Research done by URAs and REUs is presented in an end-of-summer poster symposium,
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attended by members of the KBS research community (including visiting researchers and
students), MSU representatives, family and community members. This year two of the BEACON
supported URAs attended the BEACON Congress and presented posters based on their 2016
KBS summer research at this meeting. In addition, the REU student supported by BEACON will
be attending the 2017 ESA meeting (supported by SEEDS) and will present a research poster or
talk at this meeting. This student was one of two from the KBS REU program who participated
in the 1st World Congress on Undergraduate Research, held in Doha, Qatar in September 2016.
An important goal of the KBS REU and URA program is to provide students with
professional development opportunities that help them refine and define their career goals and
encourages them to continue in research careers (including graduate school). Students are
tracked (using on-line surveys and emails) to determine what they are doing (additional research
experiences, graduate school, and work); we will be surveying the 2016 students in spring 2017.
Of the URA students who have responded to past surveys 18% are enrolled in graduate school,
24% pursued additional research experiences (including internships), 12% are working in a
STEM-related field. (We have not distinguished the responses of BEACON supported students
as many of these surveys are anonymous.)
Activity Name
Led by
Intended Audience
Approximate # of attendees

BEACON REU Field Experience at Friday Harbor Labs
Billie J. Swalla (UW)
Undergraduates
10

The Field Research Experiences program is designed to help students make the connection
between field research in evolutionary biology and other disciplines, particularly computer
sciences, engineering and molecular biology. Field experiences have significant impacts on both
the intellectual development of student participants and their ability to make connections among
disciplines. This program has three funding sources that combine to allow a program of 10
students at Friday Harbor Laboratories in the summer. Swalla and colleagues have an NSF REU
site and as well as money from a program to increase diversity in Marine Science – the Blinks
fund, and they combine this money with BEACON funding.
In the photo are a few of the
undergraduate students who
participated in the Blinks/NSF
REU/BEACON Internship Program in
the summer of 2015 – at the Society
for Integrative and Comparative
Biology meetings in Portland in
January 2016. Every FHL Blinks/NSF
REU/BEACON Internship Program
Class from the past 6 years was
represented at SICB 2016 in Portland,
OR, and every one of the 14 students
from the summer of 2015 presented
their summer research there. Elska
Bette (third from left) won the Steven
Vogel award for the best poster for her work with her mentor, FHL Postdoc, Nick Gidmark.
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FHL is now an NSF funded REU site, so they leveraged 10 undergraduate positions on the
NSF grant with Blinks money that we have at FHL and they have kept BEACON in the name, as
we see this as a long-term program that we will continue for at least the next 5 years.
http://depts.washington.edu/fhl/REU.html
This is a very successful program with over 350 applicants each summer. Swalla was able to
participate as a co-Director with Adam Summers and Vik Iyengar, who is the main Director and
student mentor. Swalla’s student was an Asian-American undergraduate student, Wesley Wang,
in the 2016 BLINKS/NSF REU/BEACON Summer Undergraduate Research Program this
summer. Swalla participated by mentoring all of the students in the program, and helping them
with a resume building session. The program does professional development and a “Meet the
faculty” once a week, and they also have team building exercises, such as kayaking and whale
watching.

2b. Professional development activities
Activity Name
Led by
Intended Audience
Approximate # of attendees

An evidence-based framework for transforming
scientific communication and engagement with the
public.
Tessa Solomon-Lane (UT), Hans A. Hofmann (UT), Travis
Hagey (MSU), Alexa Warwick (MSU)
BEACON Graduate students, postdocs, and faculty
20-40

Disseminating scientific knowledge is a societal responsibility for every academic scientist. It
can also be a funding requirement. However, participation in public engagement is often limited
to “the dedicated few,” as many are unaware that engaging the public benefits professional
development. This project is developing an innovative framework that motivates, recruits, and
trains graduate students and postdocs in best practices for public engagement, and increases
participation in these activities. Participants will pair with already established engagement
programs at BEACON and/or member institutions to put their training into action. Engaging with
the public has dual benefits, increasing the public’s science literacy, curiosity, and trust and
building scientists’ skills that are fundamental to professional success, including communication,
teaching, and leadership.
Project goals include integrating science communication and public engagement skills and
experience into the standard scientific training curriculum. To achieve this goal, the team is
leading a series of workshops, at MSU and UT Austin, that introduce the science of science
communication, guide participants in developing their own public engagement materials, and
provide information about local engagement opportunities. The first two workshops took place at
the 2016 BEACON Congress. The workshops were attended by faculty, graduate students, and
postdocs with varying degrees of experience with public engagement and from different
disciplines, including biology, computer science, and education. More than 96% of participants
agreed or strongly agreed that the goals of the workshops were met, and 85% of participants
reported that the workshop(s) changed their thinking about engagement. The team will be
sharing information about the sandboxes and our goals for the UT workshop in the October 31st

BEACON 2016 Annual Report

III. Education, page 52

BEACON blog post. The full day workshop at UT Austin will build on this platform and include
opportunities for practice and feedback using published rubrics, local guest speakers from
communication and learning sciences, such as Dr. Anthony Dudo, and local opportunities for
public engagement. They are currently planning the full-day workshop at UT Austin early in the
spring semester (2017).
Activity Name
Led by
Intended Audience
Approximate # of attendees

A Virtue-based Approach to RCR Training
Robert Pennock, Michael O’Rourke, Chet McCleskey
(MSU)
Undergraduates, Graduates, Faculty
~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 multiinstitutional ethics programs that will inform and guide all participants of the Center.” The
strategic plan had also identified a barrier to this goal, noting that, “We anticipate difficulties
ensuring compliance with RCR (responsible conduct of research) training, as students and
researchers may find the training requirements burdensome.” Through BEACON seed funding,
and now a Templeton Foundation grant, Pennock and his team continue to coordinate a national
SV survey on the ethical views of scientists about the scientific character of virtues, and
developing presentations, workshops, and Toolbox-style modules (Eigenbrode et al. 2007) that
embody this virtue-based approach. They are continuing to pilot test these modules in BEACON
weekly meetings and the annual Congress, which will also help grad students and post-docs
fulfill their RCR requirements.

2c. External education activities
Across our consortium, BEACONites are engaged in education and outreach efforts, both
formally through the development and testing of novel tools, lessons, and curriculum, as well as
more informal efforts through participation in community and public outreach events. In all cases
we aim to provide participants with an experience of evolution in action – showing them that
evolution is an ongoing process happening now, that evolution can help us solve complex
problems, and that evolutionary science is a good example of how science works.
Activity Name
Led by
Intended Audience
Approximate # of attendees

African American Pioneers in Evolutionary Science: The
Untold Story
Joseph L. Graves, Jr. (NCAT), Judi Brown Clarke (MSU)
General public
1000s

The goal of the project is to further understand how social relations have always determined
who gets to pursue scholarly study, particularly in the natural sciences. The team is specifically
interested in determining the current demography of African Americans in evolutionary science
and reconstructing the history of this population in the field.
The project has the following goals: (1) to identify a candidate list of African Americans in
evolutionary science; (2) convene a conference to be held at the BEACON center with the
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purpose of bringing together this group with scholars in the field of the history and sociology of
science (HSS). This gathering is meant to stimulate an interest in the experiences of the pioneers
within the HSS community. This is crucial because there are many misconceptions about
evolutionary science within this group of scholars that proceeds from the assumption that there
are no African Americans in evolution. An additional purpose of this conference will be to plan
the development of scholarly publications and outreach tools that will help tell the story of this
unique group of scientists; (3) develop a book suitable for use in middle school and potentially
some film or television documentaries telling the story.
To date Drs. Joseph Graves, Scott Edwards, and Paul Turner, some of the first African
Americans to receive degrees in evolutionary science, met at the BEACON Congress and
discussed the timing of the conference. They decided upon a tentative conference date in spring
of 2017 and also decided that North Carolina A&T State University (not BEACON Center)
would be the best location for the conference. Locating the conference at NCAT would
significantly cut down on travel costs.
The recent creation of a new discussion group/list serve entitled “Diversify EEB” allows
individuals to sign up and identify themselves by socially-defined group and discipline. They
have been able to use this site to identify additional African Americans in the field of
evolutionary biology. In addition to these individuals who clearly identify as evolutionary
scientists, there were 13 who self-identified as African Americans and claimed both Evolution
and Ecology as primary disciplines. An additional 11 individuals identified their primary
discipline as Ecology. The team will invite as many people as possible in the Evolution group
who meet the stated criteria based upon the availability of funds and scheduling. If funds remain,
they will invite from the “Both” category. They do anticipate inviting individuals who primarily
identify as Ecologists.
Preliminary conversations have generated significant interests among two prominent
historians of science. These are Dr. Evelynn Hammonds, Director of the Project on Race &
Gender in Science and Medicine, at Harvard University and Dr. Jane Maienschein, University
Professor, School of Life Sciences, Arizona State University. Both of these individuals are senior
historians of science and the team has asked them to recommend some younger HHS scholars to
consider for the conference. In line with preparation for the spring 2017 conference, Dr. Graves
will be attending the ‘Missing Persons’ to Critical Biography Reframing Minority Identity in
History of Science, Technology, and Medicine workshop at Harvard University (chaired by
Professor Hammonds) from October 13—15th, 2016. This conference will be convening young
HHS scholars interested in this central question, which may stimulate their interest in working on
the African American scholars in evolution scholarly project. The further goals of this project
will be addressed at the conference in Spring 2017.
Activity Name
Led by
Intended Audience
Approximate # of attendees
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Are Students Losing the Thread? Interweaving
Evolution and Molecular Biology in the Classroom
Ben Kerr, Peter Conlin, Katie Dickenson, Hannah Jordt,
Scott Freeman (UW); Sarah Eddy (UT)
Undergraduates
100s
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The University of Washington Department of Biology has support from the Howard Hughes
Medical Institute (HHMI) to develop, test, and implement—at large scale—an authentic research
experience for students in the introductory course series for majors. The experience will be based
on experimental evolution in Escherichia coli, using a suite of antibiotics, phages, and/or abiotic
conditions as environmental challenges. During the first course in the year-long series, students
will design an experiment, perform serial transfers of cultures in the environment they design,
perform fitness assays, and communicate their results to peers. With support from BEACON,
this experience will be extended to the second course in the series, which introduces molecular
genetics. Specifically, the BEACON team will develop, test, and implement protocols that will
allow students to explore the molecular basis of adaptation—via sequencing studies, proteinbinding assays, and other techniques—so they can understand the nature of the arrows in the
genotype ! phenotype ! fitness relationship of their evolved vs. ancestral populations. To our
knowledge, this will be the first course-based authentic research experience based on
experimental evolution, and the first that allows students to explore the links between genotypes,
phenotypes, and fitness.
The goals of the project are designed in three phases: (I) Design development and piloting
with small student groups; (II) Assess changes in student conceptual understanding, scientific
skills, and affect, via a “matched sections” comparison of students who complete the authentic
research experience vs. traditional labs; (III) Given evidence of efficacy in Phase II,
implementing at scale (up to 1150 students per quarter).
Following the first year of the project Research Scientist Dr. Joya Mukerji, who is the project
lead, successfully developed protocols and a student manual for the first-quarter of the authentic
research experience, in collaboration with Dr. Kerr, Research Scientist Katie Dickinson, graduate
student Peter Conlin, and post-bac research assistant Chase Merrill. In addition The UW Biology
Department made a dedicated lab space and office available for Mukerji to use during Phase I
and II of the project; she succeeded in renovating and equipping both rooms. Mukerji piloted the
first quarter course with 20 students, who successfully selected and cultured antibiotic mutants in
E. coli, performed MIC and fitness assays, and analyzed data on 1) fitness differences between
ancestral and descendant cells, and 2) the existence of collateral resistance or sensitivity to two
antibiotics other than the antibiotic used in selection. Colleague Dr. Jennifer Doherty and
graduate student Hannah Jordt conducted focus groups with students who participated in the
course. Mukerji, Freeman, Dickinson, and Kerr have designed the pilot phase of the second
quarter in the CURE. The first pilot will have 24 student participants—all of whom will have
participated in the pilot of the first quarter in the CURE—and is scheduled for spring 2017. Dr.
Mukerji has held a series of informational and brainstorming meetings designed to update key
stakeholders in the department and university, and obtain feedback. Mukerji, Freeman, Eddy,
and colleague Dr. Greg Podgorski have developed a suite of assessments to use in measuring
student mastery of key concepts and competencies during Phase II of the study.
Goals in the second year of BEACON funding are to support Phase I and II by (1)
developing molecular protocols to support student use of PCR, Sanger sequencing, minimum
protein visualization, RT-PCR, next-generation sequencing, and other techniques; (2) developing
educational modules to support students in understanding and analyzing the data that they are
generating; (3) developing assessment tools to support the experiments planned for Phase II. At
this point Mukerji, Dickinson, and Kerr are revising the protocols for both course laboratory staff
and students, based on the outcome of the pilot, and are modifying existing protocols for students
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to add serial transfers to the selection scheme. Serial transfers will be added to the CURE in a
pilot scheduled to start in January 2017. Graduate student Kelly Hennessey is currently
developing the protocols that students will use in the spring, 2017 pilot for the second course,
including candidate gene sequencing, protein visualization, and genomic sequence analysis.Postdoctoral fellow Michael Pelch is designing focus group protocols to generate data from the
winter and spring 2017 pilots. Kerr, Dickinson, and Conlin are investigating possible extensions
to the project, including adding assays of mutant protein function and follow-on, upper-division
courses so students can explore interesting results from their intro course in more depth. Mukerji,
Freeman, Eddy, Jordt, and colleague Dr. Greg Podgorski on further assessment.
Activity Name
Led by
Intended Audience
Approximate # of attendees

Michigan State University team for the international
genetically engineered machines competition
Tim Whitehead
undergraduates

The objective of this educational outreach project is to support the inaugural MSU iGEM
team. The iGEM competition is an annual, worldwide, synthetic biology event aimed at
undergraduate university students. Multidisciplinary teams comprising biologists, engineers,
resource economists, and social scientists construct and research genetically engineered systems
using standard biological parts called Biobricks. The research intensive portion of the project
takes place mainly in the summer. iGEM teams work inside and outside the lab, creating
sophisticated projects that strive to create a positive contribution to their communities and the
world. Beyond the scientific scope of this work, teams are expected to build outreach into their
communities in order to promote scientific education and enthusiasm for discovery. Laboratory
evolution is an essential tool in synthetic biology because it can create a functional construct
from nonfunctional parts, improve performance in a wide variety of ways, and reveal genetic
limitations. Nearly any iGEM project will help the students involved understand evolutionary
principles, and many involve laboratory evolution methods directly. Students involved in this
team will not only have the opportunity to perform handson evolution work in the lab, but also to
learn about how other iGEM projects relate to evolutionary theory through the online community
and at the physical competition gatherings. Thus, iGEM promotes a research experience for
undergraduates to see “evolution in action”.
Goals for the project include: (1) forming the inaugural MSU iGEM team from the
undergraduate student body; (2) performing summer research projects of the students' choosing;
(3) performing outreach activities to the local community; (4) preparing for the iGEM jamboree
held in Cambridge, MA in Oct, 2016. To meet these goals the team recruited an initial cohort of
three undergraduate students: Darwin Wargakane, Lauren Tamm, and Pamela Himadewi. These
students developed two projects during the summer 2016, specifically focusing their project on
synthetic biology principles. The students chose two projects: their first project was to
investigate whether introduction of plant cold tolerance genes could enhance the probability of
surviving a lethal freeze challenge; the second project was the development of a multiplexed
arrayed photobio chemostat (to allow for continuous selection of photosynthetic
microorganisms). A prototype of this device is available at the following link:
https://drive.google.com/file/d/0B1OPRibBFY7hRTBETkRyTk1qUXc/view?usp=sharing. The
iGEM team partnered with Impression 5 (a local science museum) in Lansing, MI to perform
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outreach with K-12 students. The iGEM team interfaced with students using a "Building with
Bio" Kit from the NSF. This event was held on Sept. 17th, 2016. Dissemination of the research is
in progress, and students did present research at the Annual MidSURE conference in Aug. (held
in East Lansing, MI).
Activity Name
Led by
Intended Audience
Approximate # of attendees

BEACON TEACHER REVOLUTION: Teachers
Researching Evolution
Louise Mead, Richard Lenski, Jeff Connor, Jen Lau, Elena
Litchman, Robert Pennock, and Kara Haas (MSU)
K-12 Educators
7

The BEACON TEACHER REVOLUTION Program (TEACHERs Researching
EVOLUTION) provided seven teachers with a summer research experience during the summer
of 2015 in a mentored lab or field situation while simultaneously offering a professional
development experience that identified effective ways to integrate their research experience and
science practices into their classroom. Teachers carried out original research, under the guidance
of MSU scientists and graduate student mentors. The program built on successful, evidencebased, programs that show research experiences positively impact the teachers as well as their
students. Feedback from participating teachers reinforced these results.
Participating faculty included Drs. Jeff Connor, Jen Lau, and Elena Litchman at Kellogg
Biological Station and Dr. Richard Lenski on MSU main campus. The seven participating
teachers came from the following schools: Dewitt High School, St. Johns High School, Delton
Kellogg High School, Thornapple Kellogg Schools, Lawton Community Schools, and
Kalamazoo Area Mathematics and Science Center.
Goals of the program included giving teachers research opportunities For example, teachers
joining the Lenski lab gained learned basic microbial methods including sterile technique;
identified several possible microbial evolution-in-action projects of interest to them and their
students and chose one to try; and simplified and trouble-shot the methods, costs, and time
suitable for their HS labs. Other teachers gained experience working on quantitative traits in
Arabidopsis plants, investigating how increased temperatures change multiple mutualistic
interactions between partridge pea, rhizobia, and ants, as well as collecting data that their
respective students can analyze in classes. In many cases these are being developed as Data
Nuggets.
In addition to joining research labs, all teachers met weekly with BEACON faculty. The goal
of these meetings was to (1) create a community of teachers doing research; (2) discuss different
ways of integrating these research experiences into the K12 classroom; (3) identify ways of
communicating the benefits of these experiences to other teachers. As a result of the final goal,
these teachers attended the Michigan Science Teachers Association annual conference in winter
2016 to present on their experiences and two teachers also attended the National Association of
Biology Teachers annual professional development conference in November 2015.
Teachers also participated in a symposium at BEACON Congress in 2015, highlighting both
their research experience and the implications of the experience for their teaching. The team is
continuing to work with these teachers, developing a website that will highlight the program,
their research experiences, and materials developed from their time in the labs. Two teachers
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returned to during the 2016 summer to work with Dr. Richard Lenski. They developed additional
teaching materials and a Data Nugget based on the LTEE data. In addition, two will be traveling
to NABT in November 2016.
Activity Name
Led by
Intended Audience
Approximate # of attendees

Bringing Data to Life Science Classrooms
Carina Baskett, Travis Hagey, Melissa Kjelvik, Liz
Schultheis, Anna Groves, Klara Scharnagl
K-12
1000s

Data Nuggets (DNs) are freely available classroom activities, co-developed by graduate
students at Michigan State University and K-12 teachers (datanuggets.org). A DN consists of a
short narrative introducing a scientific question and research design paired with a dataset that
students graph and interpret. Written by scientists, DNs are designed to bring real scientific data
into K-16 classrooms while developing students’ critical thinking and quantitative reasoning
skills. This team is bringing Data Nuggets to life by creating short videos that feature scientists
introducing their own research and data. They are creating at least ten videos over the course of
the 2016-2017 academic year. Each will be 3-5 minutes and accompanied by a new DN created
by a BEACON researcher, thus increasing the number of available DNs by nearly 30%. Videos
will feature the researcher that authored the DN speaking on camera, in addition to voice-overs
describing the researchers at work. Simple animations will illustrate concepts such as
experimental design and vocabulary words.
Goals for the project include redefining how students see science and scientists by featuring
researchers from diverse backgrounds. They also aim to enhance evolution education by showing
how data is collected and presenting information in an alternative media to the standard written
descriptions. Finally, this project will contribute to BEACON’s training goals by developing
science communication skills of the PI’s. To date, Baskett and Scharnagl, who will be producing
the videos, attended a week-long training workshop and created a pilot video to test the elements
they plan to use in the DN videos. They are currently getting feedback via a survey from peers,
teachers, and members of the general public on how effective and engaging the pilot is. Based on
the feedback, planning and shooting for new videos will begin shortly. They have already
reached out to a diverse group of scientists who have agreed to be featured in upcoming videos.
Activity Name
Led by
Intended Audience
Approximate # of attendees

Data on Data Nuggets: Assessing the efficacy of an
innovative science education resource to build a
foundation for future support
Tammy Long, Louise Souther Mead, Melissa Kjelvik,
Elizabeth Hart Schultheis, Joelyn de Lima (MSU)
Undergraduate students
100s to 1000s

This project focused on adapting Data Nuggets (DNs), educational resources that bring real
data collected by scientists into the classroom. DNs are activities designed to help students
practice interpreting quantitative information and make claims based on evidence. The standard
format of each DN provides a brief background to a researcher and their study system and a
small, manageable dataset. Students are then challenged to answer a scientific question, using the
dataset to support their claim, and are guided through the construction of graphs to facilitate data
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interpretation. DNs are built around data from recent and ongoing research, and many are written
by early career BEACON scientists.
With BEACON seed funds, the team focused on adapting Data Nuggets for the
undergraduate classroom by incorporating the additional scientific skill of modeling for the
purposes both instruction and assessment. Models encourage students to look at the big picture,
to identify not only the key components of a study system, but to illustrate the relationships
between them, thus promoting a deeper conceptual understanding of interactions in and functions
(Dauer et al., 2013). Vision and Change (2011) identifies ‘ability to use modeling and
simulation’ as a core competency required for all undergraduate biology learners.
In this study, the team selected one DN (How the cricket lost its song,
http://datanuggets.org/2015/06/how-the-cricket-lost-its-song/) and pilot-tested it in a largeenrollment introductory biology course and modified it to incorporate the scientific skill of
modeling. They then piloted the modified DN by giving it as a formative assessment to a large
introductory biology class. Student models were then coded and analysed for the
presence/absence of relevant structures (e.g., normal male cricket, parasitoid fly), the
presence/absence of a mechanism to attract females (i.e., song) and the web-like causality index
(WCI; Plate, 2010), an indicator of model complexity. Of the 184 responses, 164 box and arrow
models were considered for further analysis; 20 were excluded on account of significant
departure from format that made coding impractical. Students’ models varied widely in terms of
complexity, numbers of structures used, and approaches for explaining relationships among
model components. About 90% of the students chose to use box and arrow models to represent
their system and about 10% of students used some version of figures/drawings in their models.
This result is likely an artifact of classroom instruction that trained students to use box and arrow
models throughout the semester, and might not hold true for students who have not received such
extensive training. About 30% of the students reported that they drew the normal male cricket
first. However, nearly 18% of the students reported drawing a male fly (normal/flatwing not
specified) first. A majority of students were able to identify relevant system structures (e.g.,
normal and flatwing crickets, parasitoid flies, and females). Virtually all the models (99%)
included the structure ‘Normal Male Fly’, but only 32% considered ‘song’ as a mechanism for
attracting mates. The number of structures per model ranged from 2 to 17, whereas the number
of arrows ranged from 1 to 22. WCI (web-like causality index) approximates model complexity
and is computed as the average number of inputs plus outputs per model structure. Values for
WCI range from 0 (indicating no connection among model structures) to 2 (indicating complete
interconnectedness). In this study, values for WCI ran the full spectrum from 0 to 2, and
decreased as a function of increasing number of structures. For most students, WCI was below
0.5 indicating low interconnection among structures.
Following this initial analysis, the team generated expert models for the DN, and further
validated the model. Models are foundational to biological science and should be represented in
biology curricula. As instructional tools, models can help students visualize complex systems,
develop and test hypotheses about system functions, and predict consequences of system
perturbations. However, when considering them as assessment tools, diversity among students’
representations can pose challenges for instructors in terms of practical issues, such as scoring
and feedback. Another potential barrier could arise if students are not already familiar with
modeling and if it has not been a part of their curriculum. One strategy could be to ask students
to interpret, analyze, and make predictions using quantitative data and the provided models.
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Alternatively, students could be asked to construct models using provided structures, such that
the assessment focus is on the relationships and mechanisms that describe the interrelationship
among model structures.
Activity Name
Led by
Intended Audience
Approximate # of attendees

Evolutionary Games
Terence Soule, Maren Friesen, Barrie Robinson, Chandra
Jack, Samantha Heck
K12
100s to 1000s

This project is a collaborative effort to develop video games based on detailed simulations of
biological evolution. Researchers at MSU are creating a multi-level interactive game designed to teach
third graders about specific concepts from evolution. According to The Next Generation Science
Standards (NGSS), this is when children should be able to develop an understanding of heredity and
biological evolution. Collaborators at UI are creating Polymorphic Games - an evolutionary video game
design studio populated by students - and will begin by reimagining a classic arcade game (i.e. space
invaders) in which progressive waves of enemies are actually evolutionary generations. These two efforts
are designed to be parallel and complementary. The teams will share design ideas, coding approaches, a
web presence, and will act as play testers for each other’s games, etc. This will also be an opportunity to
contrast two approaches to creating educational video games: educational content first versus game play
first.
The primary goal is to develop two independent, evolutionary games, one at MSU and one at UI,
based on different design strategies and to compare the outcomes of these strategies. The MSU game will
be specifically designed for a target educational population (3rd graders) with specific educational goals
(as defined by the Next Generation Science Standards). The UI game will be designed first and foremost
to be a fun game, but will incorporate evolution as a major force driving the game. It will incorporate
elements to illustrate the evolutionary nature of the game in an organic, but secondary, fashion. A
secondary goal of the UI project is to create a richly interdisciplinary and product focused experience for
the students.
The UI team began with a fairly detailed design document and a pre-screened pool of students to
recruit from. At the beginning of the summer they launched Polymorphic Games
(www.polymorphicgames.com) as an interdisciplinary, on-campus video game design studio with hired
students for the summer. The students included members of Biology, Computer Science, Virtual
Technology and Design, English, Theater, and Music. The interdisciplinary studio was extremely
successful and their game, Darwin’s Demons, is complete, although they are continuing to add features,
such as additional ship choices for the player. The demo can be downloaded from
www.polymorphicgames.com (and a fully unlocked version, all ships, weapons, etc., available to the
player, is available upon request).
In August Darwin’s Demons completed the Steam greenlight process and was approved for sale on
Steam (Steam is basically the equivalent of Amazon for selling video games on-line, as of February 2015
it had 125 million active users). They are now working with the Office of Technology Transfer to
complete the paperwork necessary to sell Darwin’s Demons.
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Figure 1: Screenshot from Darwin's Demons.
At MSU the bulk of the programming and testing will be done over the next nine months. This
includes the development of the main character, a child getting ready to go on a scientific expedition with
his or her parents; and the design of multiple levels required to complete the expedition. Each of the
levels will introduce a specific topic or topics, such as interspecies interactions or sexual selection, using
core ideas from the NGSS to ensure that children will be able to gain a conceptual understanding of not
only evolution, but also the life sciences as a whole.

Activity Name
Led by
Intended Audience
Approximate # of attendees

Teaching and Learning Evolution for Preservice and
Inservice Science Educators
Nikki Cavaleri, Louise Mead
K12 Teachers
30

This team is developing and teaching a semester-long hybrid course focused on teaching
evolutionary biology that will target K-12 in-service and pre-service teachers, with the eventual
goal of improving the understanding and teaching of biological evolution and scientific literacy
in the U.S. The goals are (1) to improve evolution content knowledge and its application; (2) to
fully integrate evolution into high school biology curriculum; (3) to increase teacher confidence
in dealing with criticism related to the teaching of evolution. They will therefore structure the
course in two modules, Understanding Evolution and Teaching Evolution. The Understanding
Evolution module will focus on the content of evolutionary biology. The Teaching Evolution
module will help students develop practical skills to teach evolution and address any potential
issues they might encounter. With these goals in mind, students will (1) develop a year-long
syllabus for a biology course that threads evolution throughout the course as the unifying theme
of biology; (2) create and demonstrate one laboratory exercise illustrating evolution; (3)
interview a panel of professionals about dealing with the emotions of teaching evolution; (4) gain
conflict management skills and confidence with criticism for teaching evolution by participating
in role playing in the form of mock parent teacher conferences or school board meetings in
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which the emotional conflicts of evolution are discussed. The course will bring together
preservice and inservice teachers, allowing preservice teachers to hear and gain potential
knowledge from inservice teachers.

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 have published six articles that
demonstrate their work on education projects (Royer and Schultheis, 2014; Lark et al., 2014;
Weigel et al., 2014; Tran et al., 2014; Suwa and Williamson, 2014; Schultheis and Kjelvik,
2015). BEACON members also routinely bring their research to general public audiences,
through programs such as Darwin Discovery Day at Michigan State University, participation in
the Darwin Day Roadshow, as well as science nights at local schools, and national venues like
the US Science and Engineering Festival. Our database lists 58 Education and Outreach
activities, distributed across the audiences listed below. However we anticipate this is an
underestimation as our total was 95 last year. We highlight a few of these programs below.
Audience
K-12 students and teachers
General public
Undergraduates
Faculty and graduate students
Conference attendees

People in attendance
10-50
50-1000s
50-150
30
100s

Number of events
31
11
7
3
1

The MSU Museum exhibit team is coalescing their collective experience in informal and K12 education, science, exhibit creation, digital media, and professional design and fabrication to
create a second phase of exhibits in the museum's Evolution in Action gallery. New exhibit
components will be designed to blend seamlessly with Phase One components, “Introduction to
BEACON” and "50,000". “Hyenas Rule,” the longest running exhibit in the gallery, are being
replaced by “VENOM,” featuring the research of Drs. Ashlee and Matt Rowe.
The exhibit will inspire exploration via state of the art, museum tested, interactive
technology, and an evolution hub that will create a solid foundation for visitor understanding of
basic evolution processes and concepts. The 5E Learning model (Engage, Explore, Explain,
Elaborate, Evaluate) will guide the creative process. Formative and summative evaluation
measures will assess achievement of visitor learning goals as well as provide feedback regarding
how visitors learn science in museum settings.
Since funding for the project began in the August of 2015 the following has been
accomplished: (1) Evo Hub: The centerpiece that presents “VIST” has been designed and the
center structure with text and graphics has been installed. A prototype was created and a
formative evaluation instrument was designed and administered to over 100 visitors to get their
feedback on the VIST introduction and text panels before the text was finalized. Four interactive
stations that will stand separately around the evo hub have been designed and are in the
fabrication process. Installation is expected to be complete by mid-November. (2) “VENOM”:
The text is in the final draft stage and the graphic design is being completed for the VENOM
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portion of the exhibit. One of the two specimen cases has been completed and is on display. The
second will be completed by late October. VENOM should be completely installed by late
November. (3) Tree-thinking game: Sapling Learning modified the existing online game per our
specifications for the Museum environment and it was installed on a touch screen in the gallery.
Data were collected about visitor impressions of ease of play as well as understanding on game
content. Signage at the station and on the screen itself will be modified to reflect visitor
preferences. Google Analytics is collecting game play data on an ongoing basis. And finally (4),
the Museum’s Exhibition Technology Specialist, Max Evjen, led the investigation into selecting
a tree of life interactive technology station. Deep Tree was purchased and installed in August at a
temporary spot within the EiA gallery. Initial data about visitor use is being gathered at this time,
including an observation protocol that records which features visitors selected without prompts
or posted directions, and a large comment sheet posted on the wall next to DeepTree for visitors
to record their impressions. Data will be analyzed to guide the signage that will accompany Deep
Tree when it is moved to its permanent location in November.
The BEACON fall graduate courses received funding to integrate personal genomics into
the courses, allowing students to explore evolutionary, genomic, and computational aspects of
their person genomes. A number of companies now exist that type users at a variety of genetic
loci, and provide information about both ancestry and traits of interest. For our graduate students
in BEACON, we can use these services for several pedagogical purposes. Our goals are for
students to gain familiarity with the pathway from scientific paper to public presentation of that
information; for students to understand that the majority of human diversity is found within
population groups rather than differences between population groups; and for students to learn
how to construct phylogenies from genetic data. We will supply typing kits to all of the students
in the introductory BEACON courses, and make sure all of the instructors have been typed. The
data from these instructors and a set of volunteers (both those already typed and new ones) will
become a classroom data set for students to analyze.
BEACON has also historically collaborated with NESCent to organize the Evolution
Symposium at the National Association of Biology Teachers annual professional
development conference. On November 14, 2014 the symposium featured a series of BEACON
scientists introducing the audience to Evolution in Action, followed on Saturday by a workshop
presentation by BEACON graduate students based on an activity they developed and recently
published in American Biology Teacher. In November 2015 we showcased a new organization to
the Evolution Symposium, featuring a BEACON scientist followed by a Data Nugget workshop
highlighting data collected by the featured scientist. Moving forward this model is being
repeated, with partial support from the American Society of Naturalists.
In addition to this event, BEACON is partnering with The Society for the Study of Evolution
to administer the Undergraduate Diversity at Evolution (UDE) program. The program had a
total of 70 applicants and was able to fund 20 of these to attend the Evolution 2016 meeting in
Austin, TX. All awardees presented posters about their research and were assigned two mentors
for the duration of the conference. Eight additional students (non-awardees) were also provided
mentors. All attending undergraduates were also invited to the Undergraduate Futures Lecture
featuring Dr. Julia Clarke and a Panel Discussion with postdocs/graduate students. All were
given the opportunity to mingle with other conference attendees at the Undergraduate Ice Cream
Social.
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Finally, BEACON is also working with the Society for Systematic Biology to administer a
program previously run by NESCent at SACNAS, the Society for the Advancement of Chicanos
and Native Americans in Science. SACNAS is a national organization focused on increasing the
proportions of underrepresented groups in science, technology, engineering, and math (STEM)
fields. The Ecology/Evolution events at SACNAS 2016 included two different field trips, a
conversations with scientists session, a scientific symposium, and a movie night. Each field trip
had 25 student attendees and two postdoc/faculty leaders and was meant to expose students to
important resources for conserving, preserving, and understanding biological diversity at either
the Rancho Santa Ana Botanic Garden or the Natural History Museum of Los Angeles County.
Our Conversations with Scientists session and the Scientific Symposium were also well-attended
events. The symposium featured talks by five scientists with the goal of revealing the exciting
biological research conducted within different major natural history museums across the US.
Finally, the movie night featured five short films and one documentary to highlight research in
Ecology/Evolution and the environmental and societal issues that such research can address. The
approximately 20 attendees represented a wide range of fields and most thought the films were
excellent, with many reporting that 80-100% of the content in each of the films was new to them.
A number of our faculty and graduate students are also involved in evolution education
research efforts, each providing an opportunity to bring BEACON resources to broader
audiences. Louise Mead continues as Curriculum Advisor for A New Genomic Framework for
Schools and Communities. This is a Science Education Partnership Award from the National
Institutes of Health that is bringing innovative curriculum that meets the Next Generation
Science Standards to middle school classrooms in Detroit and Flint, and we are making
connections between the curriculum and BEACON science. Ben Kerr (UW) is working with Dr.
Scott Freeman to bring an Experimental Evolution lab experience into a large undergraduate
biology course at the University of Washington, the project funded by the Howard Hughes
Medical Institute. And Drs. Mead, Pennock, and Smith are collaborating on an HHMI project at
Michigan State University aimed at transforming some of the gateway courses in STEM.

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, 135 BEACONites have reported receiving a degree or completing a postdoc, and
their placements are summarized in the table below.
Graduate School
Postdoc
Faculty Position
Industry
Government
K-12 Education
Unknown
Total # graduates
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Masters
7 (23%)
1 (3%)
13 (43%)
1 (3%)
1 (3%)
7 (23%)
30

PhD

Postdoc

45 (55%)
13 (16%)
16 (20%)
1 (1%)
3 (4%)
4 (5%)
82

6 (26%)
11 (48%)
6 (26%)

23
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2. Increased public literacy in evolution and the nature of science
• We continue to engage our graduate students in writing Evo101 Blog Posts for the
BEACON website. These are incorporated into the BEACON fall course. Posts introduce
the general public to basic evolutionary concepts and principles.
• Numerous outreach events have given us an opportunity to share Evolution in Action
research and educational materials across a wide array of audiences, and while these
single outreach events are challenging to assess, we view the positive interactions we
have with the general public an indication that we are engaging them in thinking about
how evolutionary processes operate.
• BEACON students and faculty continue to participate in numerous workshops and
presentations, bringing our evolution education materials to classrooms across the
country.
3. Increased interest in STEM careers
We continue to think creatively about how to further engage young students in STEM
careers. With this goal in mind, we will be using supplemental funds for our Luminary Scholars
program, in collaboration with a number of faculty from underrepresented minority institutions.
In addition Dr. Brown Clarke is an advisory board member for the Society for the Study of
Evolution’s (SSE) Diversity in STEM Careers, and in May 2016 she co-facilitated a graduate
student/post-doc workshop for Diversity of Careers at the Annual Evolution Conference in
Austin Texas.

2f. Educational plans for next reporting period
We will continue to develop, test, and review all our educational projects. We will also
continue to bring curriculum developed at one institution to other institutions, placing a high
priority on cross-fertilization. We are also providing training for our graduate students interested
in education in both DBER and knowledge of current science education reform.
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IV. KNOWLEDGE TRANSFER
1a. Overall knowledge transfer goals
BEACON’s Knowledge Transfer goal is to develop and practice effective mechanisms and
pathways to facilitate intellectual exchanges among BEACON partners and industry that will
support the sharing of knowledge and application of new technology. Based on its interactions
with industry during its early operation, BEACON revised its approach to knowledge transfer to
concentrate on collaborative relationships with individual companies rather than to work with an
industrial consortium, as companies have found it burdensome to navigate their respective
organizational bureaucracies to join a consortium. Instead, it is mutually beneficial and more
resource-efficient to BEACON and to the companies to work directly with BEACON
participants.

1b. Goals, metrics, and progress
For each of the KT goals/objectives, we have concrete metrics for assessing our success. In
the table below, we summarize the optimal outcomes from our Strategic Implementation Plan,
the metrics to measure progress, and our progress to date. We report on our progress in greater
detail in Section 2c.

GOAL
New collaborative research
with industry partners

Knowledge Transfer Goals
METRICS
The number of external
industry/government
laboratory collaborations with
BEACON through its member
universities
Number of joint grant
proposals submitted with
industrial partners
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PROGRESS
In addition to working with
existing industrial
collaborators, this past year,
BEACON has added several
additional industrial
collaborators.
Two proposals funded by
Dow Chemical Co. through
the MRIVCC; proposal to
DARPA as subcontractor to
Siemens was funded. Risto
Miikkulainen has been on
leave, working at Sentient
Technologies, the largest AI
startup. One proposal is
funded by General Motors on
large-scale constrained multiobjective evolutionary
optimization.
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Receiving industry-provided
challenge problems and data
with feedback
Spinoffs formed

Number of publications
submitted that arise from
industry-provided challenge
problems and data
Number of instances that
challenge problems, data, and
feedback are received
Number of spinoffs formed

At least 5 in the current
reporting period

At least 10 companies are
providing challenge problems
and feedback.
Existing spinoff by Risto
Miikkulainen, Digital
Certainty, was acquired by
Sentient Technologies in
2016. No new spinoffs to
report in the current period.

1c. Problems encountered and resultant changes
No significant problems encountered in this reporting period. The changes made to the
Strategic Plan in previous years have worked well with our activities.

2a. Organizations with which knowledge transfer occurs and the frequency
and types of interactions
Newly Initiated KT Activities
Siemens: BEACON investigators Ron Averill (M.E.), Alejandro Diaz (M.E.), Kalyanmoy
Deb (ECE) and Erik Goodman (ECE) prepared a proposal to DARPA’s 16-39-TRADES-PA-008
solicitation, entitled “UHD-SoS: Enabling Design of Ultra High Definition Structure of
Structure.” The MSU portion of the work will be creation of algorithms to allow simultaneous
design of the microstructure (for example, structures of a variety of composite materials) and the
macrostructure (to be fabricated from the microstructured materials), which requires
sophisticated multi-level optimization. The total budget is $4.8 million over 4 years, and MSU’s
portion is $600,000. We have been notified that the project will be funded, but have not yet
received the completed Cooperative Agreement.
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. Betty Cheng (as a member of
BEACON at MSU) submitted a proposal in response to the request for proposals. Her project
was awarded a 2-year grant, starting January 2016. Her proposal addresses the use of
evolutionary computing techniques to address uncertainty and feature interaction detection for
powertrain features in multicore environments.
In 2016, Cheng collaborated with colleagues from Criminal Justice to propose another
project to Ford, as part of the MSU-Ford Alliance, working with a Ford cybersecurity manager.
This project targeted the area of cybersecurity for automotive systems. This multidisciplinary
project proposes to integrate the social aspects of crime with technological approaches to
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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. As of this annual report, the funding decision is still pending.
General Motors: Led by Kalyanmoy Deb (MSU). Deb submitted a proposal on large-scale
constrained multi-objective optimization of car body design under various crash scenarios and
was funded in July 2016.
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. Darwin's Demons has now been approved for distribution on STEAM, an
online gaming platform with hundreds of millions of subscribers world wide. Polymorphic
Games is now working closely with the UI Office of Technology Transfer to facilitate the sale of
the game. To our knowledge, Darwin's Demons is the first implementation of a video game that
features a population of enemies that evolve according to the principles of Darwinian evolution.
The website http://www.polymorphicgames.com features a free demo.
Continuing KT Activities
Optimal Casings and Covers for Electronic Equipment: Led by Kalyanmoy Deb (MSU).
This project started in 2014 and has continued since, where Deb is leading a Danish Agency for
Science, Technology and Innovation-funded project titled “IN SPE: Innovation consortium for
sustainable performance in electronics” with researchers from Denmark Technical University.
This project uses evolutionary optimization methods to design optimal casings and covers for
electronic equipment to satisfy various criteria. This is a new collaborative project with DTU and
European industrial partners, including Danfoss A/S (Denmark), Grundfos A/S (Denmark),
Vestas Wind Systems A/S (Denmark), Bosch (Germany), Bombardier (Sweden).
Protein evolution: Led by Andy Ellington (UT Austin). During the last year the Ellington
lab has used directed evolution methods to generate a thermostable, error-correcting reverse
transcriptase (http://www.ncbi.nlm.nih.gov/pubmed/27339990). This enzyme provides an
interesting window on the evolution of replication, in that natural reverse transcriptases are not
error-correcting, likely in part because they co-evolved with short RNA genomes. In addition to
its scientific import, RTX has great commercial relevance, as it can directly convert RNA to
double-stranded DNA, and thus is greatly enabling for broadly used techniques such as RT-PCR
and RNASeq. Unsurprisingly, a number of large companies are in discussions with the
University of Texas at Austin regarding potential commercial opportunities with this enzyme.
Similarly, the Ellington lab has used cell-based evolution (similar to that carried out in the
Lenski lab) to generate bacteria that can insert selenocysteine at high yield across from virtually
any amber stop codon. This allows the scalable production of proteins that can form diselenide
bonds, and a start-up company to exploit this opportunity has been formed in Boston.
Metron: As of December 2014, a non-disclosure agreement was fully executed between
MSU and Metron, where initially the focus is on specific collaboration between Philip
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McKinley, Betty Cheng, and Metron. During 2015 and 2016, Cheng and McKinley have
continued to explore collaborative investigations with members of Metron. Discussions continue
with collaborators at Metron, exploring different funding opportunities, including SBIR,
DARPA, and ONR.
Tri-level Supply Chain Management Decisions: Led by Profs. Kalyanmoy Deb and Erik
Goodman. This project is funded by Midland Research Institute for Value Chain Creation
(MRIVCC), an institute founded by Dow Chemical Company, Dow Corning, and Michigan State
University. The project links three levels of decision making activities in a supply chain
management problem together and optimizes for multiple objectives involving cost and
tardiness. The levels include bi-annual strategic decisions, quarterly tactical decisions, and
weekly operational decisions for addressing the same supply chain management problem but
focusing at appropriate entities in the supply chain. Uncertainties in the decision parameters will
be considered. This project will be executed with Dow Chemical. The achievements of the one
Dow-funded project in 2015-16 led to two funded projects for 2016-17.
Ford: Led by Betty Cheng (MSU). Cheng is continuing to collaborate with researchers and
developers at Ford Motor Company to analyze industrial-strength models to detect unwanted
properties. The models are provided by Ford and have been sanitized to remove any proprietary
information. Recently, Ford has provided high-level project requirements; MSU students and
Cheng have worked together with the Ford contacts and have created software models that can
be analyzed for various properties. Cheng continues to work with collaborators in exploring how
formal analysis can be analyzed for feature interactions.
NASA: Led by Gerry Dozier (NCAT). Dozier continues to work with NASA to develop XTOOLSS (eXploration Toolset for the Optimization of Launch and Space Systems). The
software is being developed and maintained by BEACON@A&T. One may download a copy of
X-TOOLSS at: http://nxt.ncat.edu.
Secure Designs: Led by Gerry Dozier (NCAT). Dozier continues to interact with Secure
Designs, Inc., including university visit and NCAT demonstration of their MalwareCAAT.
Continental Automotive and now Hyundai MOBIS: Led by Betty Cheng (MSU). Cheng
has continued to collaborate with Continental, both in terms of class projects for Cheng's
undergraduate and graduate software engineering classes, as well as for research purposes.
Cheng has been collaborating with Continental Automotive on the use of evolutionary
techniques for algorithms to assist in the prevention of backup rollover accidents. In addition,
they are continuing to model and analyze the impact of environmental uncertainty on an
automated pedestrian collision avoidance system, with an emphasis on safety properties. Her
main contact at Continental Automotive has moved to Hyundai MOBIS and is now the Project
Manager for their Autonomous Systems Group. Her collaboration continues in developing
challenge problems and exploring how modeling, evolutionary computation techniques, and
formal analysis can be used to address uncertainty that plagues onboard autonomous subsystems.
BAE Systems: Led by Betty Cheng (MSU). Cheng continued to collaborate with BAE
Systems to support the project: "Harnessing Evolutionary Computation to Support Software
Composition with Code-Level Adaptors." The research explored how evolutionary computing
can be harnessed to automatically generate code-level adaptors and evolve software to satisfy
changes in either the system’s requirements or its execution environment. Cheng and her
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students also applied their techniques to a new challenge problem involving e-commerce. This
project has concluded formally with BAE.
General Motors: Led by Betty Cheng (MSU). Cheng has been collaborating with General
Motors to explore EC-based model-driven engineering for adaptive systems to enable detection
and mitigation of uncertainty for onboard automotive systems. General Motors is also
participating as customers for course projects. During this past year, the focus has been on safety
standards, how to model safety properties in relation to functional properties, how to represent
the impact of environmental uncertainty on the safety properties. In addition, Cheng is working
with a new GM collaborator who specializes in safety modeling, who has also provided a new
challenge problem involving the next generation smart, adaptive cruise control. Cheng, along
with her PhD students are making good progress in developing a technique to automatically
detect n-way feature interactions.
Chrysler: Led by Betty Cheng (MSU). Cheng worked with Chrysler to investigate the use of
model-driven engineering of onboard automotive systems that are exposed to environmental
uncertainty, where safety is a primary concern. The Chrysler contact provided another challenge
problem involving electronic steering from multiple inputs for Cheng and her students to use for
their work. This project is no longer continuing as her point of contact has left the company and
moved to TARDEC, and is no longer able to participate in research collaborations, given the
classified nature of his new position.
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.
Hyundai: Led by Betty Cheng (MSU). In 2015, Cheng submitted a proposal describing the
use of evolutionary computation-based techniques to address automotive security for V2V and
V2I communication. Due to internal decisions made by management, no projects were funded in
this cycle.
Toyota: Led by Betty Cheng (MSU). In 2015, Cheng submitted a proposal describing the use
of evolutionary computation-based techniques to address safety concerns for onboard
autonomous systems in the context of environmental and system uncertainty. Due to internal
decisions made by management, no projects were funded in this cycle.

2b. Other outcomes or impacts of knowledge transfer activities not listed
above
Kalyanmoy Deb is maintaining a repository of technical reports written on evolutionarycomputation-related research from COIN (Computational Optimization and Innovation) Lab,
much of it in collaboration with other universities: University of Michigan, University of Skovde
in Sweden, Aalto University School of Business in Finland, and also internally within BEACON.
These papers are kept for circulation at http:/www.egr.msu.edu/~kdeb/reports.shtml.
Betty Cheng gave keynotes at two international conferences during the past year that
highlight work in the area of harnessing evolutionary computation to manage uncertainty for
dynamically, autonomous high-assurance systems. One keynote was presented at the IEEE
International Conference on Software Testing, Verification and Validation (ICST) held in
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Chicago, Illinois – this conference is the main venue for researchers and practitioners to learn
about the latest techniques for addressing automated and formal approaches to address assurance,
with a particular emphasis on practical applicability. Cheng gave a second keynote at the IEEE
International Conference on Autonomic Computing (ICAC) held in Wuerzburg, Germany. This
conference also has a practical emphasis given that the conference was originally established by
IBM in 2004, shortly after they introduced the term, “autonomic computing”. The field of
autonomic computing has grown tremendously since their introduction of the term in 2001,
broadening in scope (beyond management of server farms and moving towards autonomous
vehicles) and depth (going beyond enterprise systems and moving into high-assurance systems,
where autonomy must be complemented with extensive assurance techniques). As such, Cheng’s
keynote precisely addressed both of these developments, complemented by how techniques such
as evolutionary computing techniques need to be harnessed to address challenges that traditional
software development and analysis techniques cannot handle given the volume of uncertainty
that must be managed.
Erik Goodman presented a 2-hour tutorial entitled “Applying Evolutionary Computation in
Industrial Practice” at the IEEE World Congress on Computational Intelligence, July, 2016, in
Vancouver, BC. The tutorial examined many different pathways for gaining industrial interest in
and utilization of evolutionary computation technology developed in a university environment.
Attendance was about 75 people.

2c. Progress towards indicators/metrics listed above
1. Establishing collaborative research relationships with industrial sponsors.
BEACONites are working with at least 15 external industrial/governmental organizations at this
time. Several publications submitted in this reporting period have resulted from collaborations
with industry partners, including publications by leaders of the respective projects and their
collaborators.
2. Research collaboration with High Performance Computing Infrastructure (HPCI),
Hokkaido Univesity, Japan. Kalyanmoy Deb is collaborating with 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.
3. Industry-provided challenge problems (i.e. “Real World” problems) and data with
feedback. Betty Cheng has received such challenge problems from Ford, Continental, General
Motors, Chrysler, and BAE Systems. Cheng has expanded the list of collaborators from Ford
who are providing challenge problems, particularly in the area of autonomous features for
automotive system.s Andy Ellington and his collaborators are working on real-world challenge
problems with industrial interactions, including utilizing their novel polymerases for POC
diagnostic applications. Collaborations are emerging from ongoing discussions with Metron.
4. Spinoffs formed. While no spinoffs were originally anticipated in the first five years of
the Center, one spinoff, Digital Certainty, was successfully established by Risto Miikkulainen in
the 2011 reporting period. Digital Certainty, Inc. was acquired by Sentient Technologies, Inc. in
May 2016. Sentient has continued to develop its evolutionary-computation-based conversion rate
optimization product further, and re-launched it in September 2016 as Sentient Ascend. It
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optimizes selection and presentation of features of a web interface, typically for on-line
marketers. Risto Miikkulainen has been on leave from UT Austin since Fall 2015, working at
Sentient Technologies, Inc. on applications of evolutionary computation in general, and
neuroevolution in particular. Sentient also started a summer internship program in 2016,
employing three BEACON students.

2d. Knowledge Transfer plans for the next reporting period
•
•
•

Continue to collect additional challenge problems from current and new industrial
collaborators.
Encourage and support travel by BEACON participants to visit industrial organizations and
other external organizations to describe their industrially-relevant work.
Encourage BEACON participants to give tool demonstrations at their respective conference
venues to publicize and obtain feedback on their tools and techniques.
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V. EXTERNAL PARTNERSHIPS
1a. Describe the Center's overall goals and/or objectives for developing
external partnerships.
BEACON aims to form external partnerships with other researchers and educators who are
working in the area of evolution in action, with other centers that can broaden our impact, and
with minority faculty members at non-BEACON institutions and/or faculty members at
minority-serving universities to provide research opportunities for those faculty and their
students.

1b. Performance metrics
We are tracking the activities resulting from external partnerships, including publications,
presentations, grant proposals, and educational activities, as part of our overall outcomes.

1c. Problems encountered
None to report. We are pleased by the enthusiastic response we continue to receive from
members of the research and education communities.

2a. Partnership activities
Activity: Materials and Workshops for Cyberinfrastructure Education in Biology
Organizations/people involved: SESYNC (Socio-Environmental Synthesis Center), NESCent
(National Evolutionary Synthesis Center), iDigBio, iPlant Collaborative, National Earth
Observatory Network (NEON) and Data Carpentry.
Narrative: BEACON received a $200K supplemental grant to address cyberinfrastructure across
multiple NSF centers. Led by C. Titus Brown, the project brought together people from
SESYNC, NESCent, iDigBio, iPlant, NEON and BEACON, to establish course objectives and
develop materials for Reproducible Research workshops and a new kind of workshop patterned
loosely on Software Carpentry workshops, called Data Carpentry. Funding has supported a
hackathon to develop materials for a Genomics-focused Data Carpentry workshop and the
subsequent piloting of that workshop and a hackathon to develop lessons for a Reproducible
Research workshop and four Reproducible Research workshops. Instructors who developed and
taught the material were from NESCent (Hilmar Lapp and Karen Cranston), BEACON (Tracy
Teal), iDigBio (Deb Paul, Matt Collins and Francois Michonneau), SESYNC (Mike Smorul and
Mary Shelley), NEON (Leah Wasser), iPlant (Jason Williams) and multiple other universities.
There have been over 80 contributors to lesson development and teaching efforts. All materials
developed are CC-BY and have been used in workshops as well as adapted by others for use in
their own workshops or courses. Funding also supported Tracy Teal (of BEACON) to lead
continuing efforts on Data Carpentry, and the resulting non-profit organization she founded has
recently received a grant from the Moore Foundation Data-Driven Discovery initiative,
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administered through BEACON. In a 2-day workshop at MSU in October, 2016, but accessible
virtually from anywhere, MSU’s ICER staff will prepare people to become instructors of Data
Carpentry or Software Carpentry workshops.
Activity: BEACON External Faculty Affiliate Program
Organizations/people involved: University of California Irvine/Adriana Briscoe, Yale
University/Paul Turner, University of Texas Rio Grande Valley/Laura Grabowski
Narrative: In 2012, BEACON launched its External Faculty Affiliate Program to partner with
faculty at non-BEACON institutions in support of the diversity goals. Dr. Adriana Briscoe at UC
Irvine was our first Affiliate and continues to be active with BEACON. Dr. Briscoe recruited a
student, Aide Macias Muños, who was trained in DNA sequencing with BEACON support, and
was consequently awarded an NSF Graduate Research Fellowship. Dr. Briscoe’s initial
BEACON project led to a proposal to NSF for external funding, which was funded at $440K.
Our second Affiliate, appointed in 2013, was Dr. Paul Turner of Yale University, and he
continues to be active in BEACON. In 2014, we appointed our third Affiliate, Dr. Laura
Grabowski of the University of Texas Rio Grande Valley (formerly University of Texas Pan
American, now merged with UT Brownsville). Dr. Grabowski has been involved in several
BEACON undergraduate research initiatives, and began contributing greatly to forming a
pipeline for undergrads into our graduate programs, especially for URM students. However, in
fall, 2016, she accepted a position at another university, so the role she had planned to play in the
BEACON Luminaries program that was funded by a supplement to BEACON will be taken on
by others. However, she will continue to collaborate with BEACON faculty in her own research
program.
This concludes the successful BEACON External Faculty Affiliate program, as the two-year
funding guarantee would otherwise extend into the period in which NSF funding is being phased
down and thereby negatively impact the funding capacity for internal research projects.
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 working with BSCS to carry out an efficacy study to address the
following questions: (1) Do students in classrooms using Data Nuggets have better achievement,
interest in science, and motivation outcomes than students in “business as usual” classrooms? (2)
How much does teacher practice function as a mediator of treatment effects on student
motivation, interest, or achievement? (3) To what extent do student motivation and interest
function as mediators on the effects of treatment on student achievement? (4) To what extent do
treatment effects differ on the basis of gender, race/ethnicity, free/reduced-price lunch status,
English language learner status, or baseline achievement of the students?
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Activity: Bringing 3D learning materials that integrate science practices, cross-cutting concepts
and the disciplinary core ideas of genetics and evolution to K-12 classrooms.
Organizations/people involved: CREATE for STEM Institute (MSU), University of Michigan,
Concord Consortium
Narrative: Louise Mead continues to collaborate with the CREATE for STEM Institute
(Collaborative Research in Education, Assessment, and Teaching Environments for Science,
Technology, Engineering, and Mathematics) at MSU, and with the University of Michigan and
the Concord Consortium, on an NIH SEPA (Science Education Partnership Award) focused on
developing a genomics framework for middle school classrooms and communities. This
collaboration also involves both Detroit and Flint school districts, in addition to community
members that include Friends of Parkside and the Charles Wright Museum in Detroit.
In addition to the NIH SEPA project, Louise Mead is co-PI in a newly funded DRK12 project
focused on connecting genetics and evolution within the NGSS 3-Dimensional learning
framework for high school biology. The project is a collaborative project with CREATE,
Concord Consortium, and MSU (Peter White in Lyman Briggs is the PI).
Activity: Evolution education and outreach activities
Organizations/people involved: Society for the Study of Evolution, Society for Systematic
Biologists, American Society of Naturalists
Narrative: BEACON is working with each of the three societies listed to engage in additional
education and outreach activities (Undergraduate Diversity at Evolution; Darwin Day Road
Show; Evolution and Ecology events at SACNAS). The events are funded by the societies and
administered by BEACON.
Visiting researchers during this reporting period: Professor Lihong Xu (Tongji University),
Leilei Cao (Tongji University), Professor Meng Yao (East China Normal University), Prof.
Hailin Liu (Guangdong University of Technology), Jonas Schwaab (ETH Zürich), Mohamed
Abouhawwash (Mansoura University, Egypt), Xin Li (Wuhan University, China), Berna Kiraz
(Marmara University, Turkey), Tolga Altinoz (Ankara University, Turkey), Marde Helbig
(University of Pretoria, South Africa), Gregorio Toscano (CINVESTAV, Mexico), Shahryar
Rahnamayan (University of Ontario Institute of Technology, Canada), Julian Blank (University
of Magdeburg, Germany).

2b. Other outcomes or impacts of partnership activities not listed elsewhere
Visiting speakers: BEACON has hosted a number of visiting speakers in 2016, who traveled
to Michigan State to meet with researchers and students, and gave presentations at the weekly
Friday seminars which are videoconferenced across all five partner institutions. Many of these
speakers were co-hosted by other MSU departments and gave multiple talks, which allowed us to
share travel costs. This year’s co-hosts were the Ecology, Evolutionary Biology, and Behavior
program, and Lyman Briggs College of MSU. This year’s visitors included:
•

Joe Cain, University College London
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•
•
•
•

Anna Dornhaus, University of Arizona
Joan Strassmann, Washington University of St. Louis
Randy Olson, University of Pennsylvania (BEACON alumnus)
Aimee Dunlap, University of Missouri – St. Louis

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 educationrelated partnerships listed here are all reported on in greater detail in the Education section of this
report.

2d. Plans for partnership activities for the next reporting period
BEACON will continue its effective partnership activities with no plans for change.
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VI. DIVERSITY
1a. Overall goals for increasing diversity at the Center
BEACON has effectively institutionalized its two overarching diversity goals: 1) ensure
diversity is represented as an inclusive and connecting thread through all aspects of BEACON,
and 2) exceed national norms for diversity at all levels in the Center. This accomplishment
transcends the perfunctory goals of increasing the number of diverse participants and
demonstrates a much more thoughtful culture that embodies diversity within its research lab
opportunities, grant submissions, broader impacts efforts, educational outreach activities, formal
mentoring training/support, fellowships, and direct student support funds.
The impetus for BEACON’s success started from the results of its January 2013
organizational evaluation survey, which captured responses from members across the
consortium. BEACON’s external organizational evaluators, Drs. Patricia Farrell-Cole and
Marilyn Amey, conducted focus groups with department chairs, faculty, post-docs, and graduate
students for content analysis, followed by an electronic survey sent to BEACON faculty, postdocs and graduate students across the consortium. The diversity section of the survey identified
several areas for growth and enhancement, specifically around “fulfilling its stated purpose…and
producing its intended impact.”

The survey results have been a driving factor for continuous and competitively strides
towards being the most diverse, world-class scientific research center in the United States, with a
climate that embraces diversity as a core value for high-performance. Each year, BEACON selfassesses and incorporates data-driven results and lessons learned from the prior year into its
strategic efforts. We are pleased to report that BEACON is achieving diversity through its
inclusive efforts of continuous conversations, inclusive recruiting, supportive environments, and
the leveraging of strong partnerships and programming to ensure consistency and sustainability.
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1b. Performance and Management Indicators
BEACON has established baseline data for diversity measures and created mechanisms to
ensure its accuracy. We have collected comparative data on the numbers (and percentages) of
undergraduate and graduate students, post-docs, and faculty participants from diverse
demographic groups, including women, underrepresented minorities, and individuals with
disabilities. In an effort to make accurate comparisons, we captured national norm data for
BEACON-specific disciplines using NSF’s 2012 data tables (see
http://www.nsf.gov/statistics/wmpd/start.cfm).
Underrepresented minorities (URMs):
Currently BEACON participants are: 53% White,
24% Black, 10% Asian, 5% Hispanic/Latino, 1%
Native American, and 7% two or more
races/ethnicities. 37% of BEACON participants
are self-reporting as URMs, which is well above
the National Norm (30.8%). Much of this
diversity has been achieved through student
participation, where 17% (17 of 98) of graduate
students and 63% (48 of 76) of the
undergraduates (principally REU students) are
URM’s; and across the entire consortium, 12%
(11 of 90) of the post-docs are URMs. Thoughtful inclusive efforts have effectively increased
and sustained the number of URM participants.
Women: BEACON’s strategic efforts to increase overall female participation across all levels
has achieved the result that 42% of BEACON participants are female, which is above the
National Norms of 32.8%. The percentage of female faculty is 32.8% (75 of 229), which also
surpasses the national norm of
31.0%.
Working strategically,
BEACON has recruited graduate
students from across its partner
schools, coordinated with faculty
advisors at Minority Serving
Institutions (MSI), and networked
with other NSF STC colleagues to
create a robust and diverse postdoc candidate pool from which to
hire. The percentage of female
post-docs is 37% (34 of 90),
which surpasses the national norm of 35.5%. Finally, the percentage of 2016 female undergrads
is 43%, which also surpasses the national norm of 36.6%.
Individuals with Disabilities: Currently 5.1% of BEACON participants self-reported as
having a disability, which exceeds the National Norms (3.3%). By demonstrating a commitment
to being an inclusive and welcoming consortium, undergraduates with disabilities have increased
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to 6.2%, which is well above the
National Norm (4.7%); graduate
students with disabilities have
increased to 7.1%, an increase
over the National Norm (5.7%),
and post-docs with disabilities
(where National Norm data is
unavailable) increased from 2016
(>1%) to 2%.
BEACON’s Disability Action
Plan activities are working hard to
establish best-practice activities
for increasing adaptive learning
and research/lab strategies, and as a result, the learning environments are enriched and inclusive
of all participants.
However, individuals with disabilities state that they underreport their status due to feelings
of vulnerability and/or that it will bias people against them. BEACON continues to work hard to
provide safe and adaptive environments for individuals with disabilities. While we are pleased
that more individuals have self-reported, we acknowledge that our participants’ status is still
underreported and our efforts continue.
1c. Problems encountered
While our initial goal of surpassing the national norms for diversity across BEACON has
been reached, the subsequent “stretch goal” of sustaining these numbers will be reached by
ensuring our environment supports and advances inclusive participation throughout BEACON,
including our collaborative partners. BEACON’s Diversity Committee, including graduate
students/post-doc representatives, identifies and implements best practice activities across the
partner schools/sites.
Individuals with disabilities are a continued priority within our strategic efforts. To address
the previous stated challenge of under-reporting, BEACON continues to develop the Disability
Action Plan, which is tasked to establish a climate of safe, inclusive, and adaptive environments
for individuals with disabilities to thrive.
BEACON is still revising/updating its diversity webpage (release date TBA), with
opportunities to create a repository of best practices on subjects such as broader impacts,
adaptive software, scalable models and tools, diversity of careers, summer REU opportunities,
diversity articles, and Native American Initiatives.
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
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culture in which all participants reach their full potential by creating a unified community of
inclusion. We recognize it is difficult to effect institutional change; therefore, we will continue to
diligently support the unique needs of underrepresented minorities, females, and individuals with
disabilities.
Internal BEACON Proposals: Across the BEACON consortium, we are extremely proud to
report that the thread of diversity is becoming institutionalized within the core values and
activities of what we do and whom we do it with. In 2016, 93% (86 of 92) of internally funded
research projects and educational activities included diversity goals and outcomes. A closer
examination of the participants on these projects revealed the following: 59.8% (55 of 92) of all
projects had one or more women listed as personnel; and 61.9% (57 of 92) had URMs listed in
their diversity goals, with 47% reporting actual outcomes. While some individuals are listed on
more than one project, the aggregate shows there is a comprehensive effort to ensure that
diversity is a consideration for internal BEACON projects.
Faculty Affiliate Program: This is a mini-grant of up to $100,000 awarded to a faculty
member outside of BEACON’s five institutions over a two-year period to conduct research and
explore the possibility of becoming a permanent member of BEACON. 66% (2 of 3) of awardees
were women, and 66% (2 of 3) were URMs. In 2014, we appointed our third (and final)
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 has already contributed
greatly to forming a pipeline for undergrads from UTRGV to our graduate programs, especially
for URM students. However, in fall, 2016, Dr. Grabowski left UTRGV for another institution.
The students with whom she had been working will be assisted with the remaining funds to
complete their research assignments.
The other two earlier-appointed faculty affiliates remain full members of BEACON and can
apply for budget requests just as the faculty members at BEACON partner universities do. This
year concludes the successful BEACON External Faculty Affiliate program, as the two-year
funding guarantees would otherwise extend into the period in which NSF funding is being
phased down and thereby would negatively impact the funding capacity for internal research
projects.
Postdoctoral Program: The Distinguished Postdoctoral Fellows Program funds post-doctoral
scholars to pursue interdisciplinary research with BEACON faculty members in the fields of
biology, computer science, and/or engineering. Applicants propose a research project within the
scope of BEACON’s mission and must have two BEACON faculty sponsors who will serve as
research mentors. The successful applicants help foster collaborations among faculty and
disciplines, and serve as a professional model for pre-doctoral trainees. Our current
Distinguished Fellows are Chandra Jack, Amir Gandomi and Sarah Doore. Additionally,
BEACON’s Professional Development Post-doctoral Fellowships supports post-doctoral
scholars with both their research agenda and the development of administrative and leadership
skills around science education, diversity, broader impacts, science communication and diversity
of careers. Our current Professional Development Fellows are Wendy Smythe, Alexa Warwick
and Travis Hagey. Collectively these two programs support six post-doc Fellows, 67% (4 of 6)
of whom are females and 33% (2 of 6) of whom are URMs.
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Native American/Alaskan Native Initiative (NAANI): The focus of this initiative is to: (1)
create collaborations in support of STEM education for NA/AN students, (2) establish a research
agenda aimed at closing knowledge gaps on barriers and best practices related to NA/AN
participation in STEM, (3) increase participation by NA/AM in setting the national research
agenda on issues that impact Native lands, (4) provide a forum to communicate educational
opportunities for NA/AM American students, and (5) to understand and respect indigenous
traditional knowledge. Professional Development Fellow Wendy Smythe, an Alaskan Native, is
helping to drive these efforts through her established relationships and programming efforts
throughout the United States.
Supplemental Student Support: BEACON has travel awards for students to attend
professional conferences and present their research. Many of our URM graduate and
undergraduate students are taking advantage of this funding opportunity and are gaining valuable
exposure to professional networks, research peers, and content experts.
Funded Internal BEACON Proposal -- African American Pioneers in Evolutionary
Science: The Untold Story. The goal of the project is to further understand how social relations
has determined the pursuit of scholarly study, particularly in the natural sciences. We are
specifically interested in determining the current demography of African Americans in
evolutionary science and reconstructing the history of this population in the field. Goals of the
Project: 1) Identify a candidate list of African Americans in evolutionary science; 2) Convene a
conference to be held at the BEACON center with the purpose of bringing together this group
with scholars in the field of the history and sociology of science (HSS); 3) Capture the
experiences and pedagogy of the pioneers within the HSS community; 4) plan the development
of a scholarly publication(s) and outreach tools that will help tell the story of this unique group
of scientists; and 5) Develop an educational book suitable for use in middle school, and/or
document the stories of the Pioneers.
Undergraduate Programs: BEACON’s Research Experience for Undergraduates (REU)
Program is a 10-week intensive residential program targeting 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.
BEACON REU PARTICIPANTS
YEAR

TOTAL

URMS

FUNDING MODEL
FEMALE

BEACON $

LEVERAGED

TOTAL $

2016

64

61

95%

24

38%

$72,740

$123,418

$196,158

2015

49

36

73%

29

59%

$117,640

$105,600

$223,240

2014

63

43

68%

33

52%

$105,171

$190,736

$295,907

2013

73

46

63%

38

52%

$106,400

$243,079

$349,479

2012

67

41

61%

25

37%

$133,820

$295,040

$428,860

2011

17

17

100%

8

47%

$28,500

$82,000

$110,500

TOTAL

269

183

77%

133

47%

$491,531

$916,456

$1,604,144
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Over the past five summers, BEACON has served 269 undergraduate students (freshman to
5 -year seniors) and spent $1,604,143.50 by leveraging funding from several sources. The
average cost per 2016 participant was $7,970 (housing/meals - $3,170; travel/baggage - $800;
stipend - $4,000). The 2016 summer’s total program costs were $196,157.50, reflecting 69%
BEACON funds and 31% leveraged funds from other sources. For every $1 dollar spent,
BEACON has consistently blended/braided/matched approximately $1.50 from external sources.
To date, 10 (67%) of the graduating seniors with BEACON REU experience are now enrolled in
graduate programs at BEACON universities; and an additional six students are enrolled in STEM
graduate programs at non-BEACON schools.
th

In most cases, graduate students or postdocs in the REU student’s research laboratory
directly mentor the REU students. A distinguishing feature of BEACON’s summer research
program is that before the REU program begins, and in regular meetings during the summer, all
mentors received formal training in mentoring from BEACON’s Diversity Director, who is
available to both mentors and mentees over the course of the summer to help solve problems that
arise, as well as to enhance the mentors’ professional development and cultural competency. The
long-term goal of the program is to train graduate students and postdocs to build mentoring
relationships that can be used to increase recruitment and retention, share cultural and
organizational knowledge, and help individuals achieve personal and professional objectives.
The short-term goals are to ensure that undergraduate interns have an explicit mentor to help
guide their research and laboratory training, and that the graduate and postdoctoral mentors have
the formal skills and resources necessary to serve as effective mentors.
In May 2016, Dr. Brown Clarke provided a formal mentoring training session for thirty-five
(35) graduate student and postdoc mentors. This training has become so popular that it has
expanded to other non-BEACON summer research programs at MSU. In addition to mentor
training, each week throughout the summer, REU students meet to discuss their activities and
progress during the preceding week and their plans for the following week. This interactive
system works well for ensuring clear communication between students and their mentors, as well
as for signaling potential problems as they might arise. Dr. Brown Clarke facilitates a weekly
discussion among the mentors in which they can discuss challenges that arose, and is also
available for private discussions as needed. Social activities are scheduled throughout the
summer to allow interns to interact informally with their mentors. Informal discussions with
mentors indicate that they have found the training to be useful, and have found the availability of
Dr. Brown Clarke for trouble-shooting to be reassuring. The evaluation process – using pre, mid
& post surveys and focus group interviews – found that 98.7% of interns reported a significant
increase in research skills and confidence, and 94% reported positive working relationships with
their research mentors. Feedback surveys from the research mentors indicate that they were 93%
satisfied with the productivity of their interns and with the success of the formal mentoring
program. This makes the formal mentoring activity a much more targeted activity with proven
positive effects.
BEACON was successful in securing another $45,00 from the MSU Office of the Provost –
Undergraduate Education Office to support year-round research opportunities for diverse MSU
undergraduate students to conduct research with BEACON faculty.
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BEACON’s Dr. Kay Gross, Director of Kellogg Biological Station, successfully submitted
and was awarded a NSF REU Site grant for 2015-2017. The competitiveness of their proposal
came from the previous four years of successful summer research programming, partially funded
from BEACON’s internal budget request process. This new funding supported ten (10) REU
students this past summer, 2016.
K-12 Programs: BEACON supported numerous outreach events that exposed K-12
underrepresented students to evolutionary science/STEM education. The Girls’ Math and
Science Day Conference is a one-day, hands-on conference for 150 girls grade 6th -8th providing
math and science experiences. BEACON also funded citizen science day activities and Darwin
Day Road Show at various urban & rural classrooms and museums.
Outside of BEACON: Chair of the BEACON Diversity Committee Dr. Percy Pierre and
Diversity Director Judi Brown Clarke are co-PIs on the Alfred P. Sloan Foundation & National
Action Council for Minorities in Engineering grant funded July 2014-July 2017. Dr. Brown
Clarke remains an external advisory committee member on the state of Nevada’s project entitled
The Solar Energy-Water-Environment Nexus to NSF’s EPSCoR Track 1 Research Infrastructure
Improvement (RII) program. This proposal was selected and awarded $20 million for five years.
This committee meets bi-annually.
Dr. Brown Clarke is an advisory board member for the Society for the Study of Evolution’s
(SSE) Diversity in STEM Careers, and in May 2016 she co-facilitated a graduate student/postdoc workshop for Diversity of Careers at the Annual Evolution Conference in Austin Texas. She
continues as an advisory board member for the Research Education Program to Increase
Diversity in Health Researchers (REPID) in the MSU College of Human Medicine, an advisory
board member for the W.K. Kellogg Biological Station Advisory Committee, an advisory board
member for Director’s Research Scholar at the MSU National Superconducting Cyclotron
Laboratory (NSCL), and a board member for the NSCL-Joint Institute for Nuclear Astrophysics
(JINA).
NSF Supplemental Funding: MSU BEACON submitted and was awarded an NSF
supplemental funding grant to support the Luminary Scholars Research Program. This is an
intensive undergraduate research program that will, when paired with other funding, support
approximately eight URM students each year to come to MSU for the summer research
opportunities, then return to their minority-serving institutions (MSI) and continue their
undergraduate research for up to 10-hours per week during the academic year, under the
guidance of an identified faculty member at the home institution in collaboration with BEACON
faculty.
Spelman College has been awarded a subcontract, where Dr. Aditi Pai, Associate Professor
and Co-Director of the Teaching Research & Resource Center, will directly supervise the
Spelman students working in her research lab. She will utilize these supplemental grant funds to
financially support the Spelman research students throughout the academic year. The subcontract
provides funding for a research cohort of four students, who will work up to 10/hours a week.
We have budgeted $3950 per student for Dr. Pai to use for set-up costs and support of the
laboratory facilities and supplies for the students’ projects. BEACON will provide support for
Dr. Pai’s travel to Michigan State University at the end of the BEACON REU program to see her
students’ summer research results, and to coordinate with the MSU summer faculty supervisors
for the subsequent academic year’s continuation of the research at Spelman.
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2b. Impact of these activities on enhancing diversity at the center
BEACON was founded with a fairly diverse membership and has excellent leadership with
Chair of the Diversity Steering Committee, Dr. Percy Pierre and Diversity Director Brown
Clarke in pursuing further diversity. Its annual budget request process allowed for projects aimed
at increasing or preserving diversity to be considered annually, reviewed primarily by the
Diversity Steering Committee, which spans all BEACON partner schools/sites. As described and
documented above, many of the projects undertaken have been extremely successful and have
become “institutionalized” within our strategic efforts, no longer being required to compete
annually for funding to continue. We are enjoying the fact that students, post-docs, faculty and
collaborative partners are coming to BEACON as a world class destination for learning and
collaborating on evolutionary science; therefore, it is extremely critical to have a sustained
pipeline for inclusive recruitment and partnership.
2c. Progress towards goals
To summarize our diversity statistics:
•

•

•

URMs: BEACON participants are: 53% White, 24% Black, 10% Asian, 5%
Hispanic/Latino, 1% Native American, and 7% two or more races/ethnicities. 37% of
BEACON participants are self-reporting as URMs, which is well above the National
Norm (30.8%).
Women: BEACON’s strategic efforts to increase overall female participation across all
levels has resulted in 42% of BEACON participants being female, again well above the
National Norm of 32.8%. The percentage of female faculty is 32.8% (75 of 229), which
also surpasses the national norm of 31.0%.
Individuals with Disabilities: Currently 5.1% of BEACON participants self-reported as
having a disability, which exceeds the National Norms (3.3%). By demonstrating a
commitment to being an inclusive and welcoming consortium, undergraduates reporting
disabilities have increased to 6.2%, which is well above the National Norm (4.7%);
graduates has increased to 7.1%, which is above the National Norm (5.7%), and postdocs (where National Norm data is unavailable) increased from 2016 (>1%) to 2%.

With the involvement of Dr. Percy Pierre, Chair of BEACON’s Diversity Committee and Dr.
Judi Brown Clarke, BEACON’s Diversity Director, the Alfred P. Sloan Foundation and National
Action Council for Minorities in Engineering, Inc. (NACME) awarded a grant to the
SLOAN/BEACON Program for $60,000 (AY 2014-2017). This program is charged with
increasing URM Ph.D. recruitment and retention efforts in the Electrical & Computer
Engineering Department and the BEACON Center. Working with MSU’s Resource Center for
Persons with Disabilities, BEACON audited and made appropriate corrections to its website to
ensure it met the standards for accessibility for people with disabilities.
2d. Plans for the next reporting period
•
•

BEACON will continue its efforts to increase female participation, specifically focusing
on faculty positions in engineering.
BEACON will implement the recommendations and action items identified in the Native
American Initiative.
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•

BEACON will continue to leverage funding and secure grants to support diversity efforts
and research opportunities for URMs, females and individuals with disabilities.
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VII. MANAGEMENT
1a. Center's organizational strategy and its underlying rationale
The Center's overall organizational strategy and rationale is unchanged since the last
reporting period. We have made two changes in personnel, motivated primarily by a change in
non-BEACON administrative assignment of one faculty member. William Punch, who was
recently appointed to direct MSU’s Institute for Cyber-Enabled Research (iCER), has been made
the cross-cutting theme leader for the Computational Evolution theme. This also returns him to
membership on BEACON’s Executive Committee. Replacing him as co-leader of Thrust Group I
is Kevin Liu, a computer scientist with primary interest in genomics and related forms of data
analysis.
Project Selection Process. Projects at BEACON are chosen through an annual selection
process, in which BEACON members submit "budget requests" in early spring under one of six
categories: Thrust Group 1, 2, 3, or 4; Education; Diversity; or Other (which can include
infrastructure requests). Research projects are evaluated by the two leads for the respective thrust
group, as well as 4 ad hoc reviewers from within the thrust group, chosen by the leads, including
faculty members from any of the five BEACON universities and a smaller number of BEACON
postdocs and senior Ph.D. students. Projects focused on education and outreach are evaluated by
the Education Steering Committee while those focused on increasing diversity are evaluated by
the Diversity Steering Committee. Projects designated “other” are reviewed by the Management
team. Each budget request is evaluated on the basis of 9 criteria, each of which is rated on a scale
from 1-5. There are four intellectual merit criteria (1-4) and four broader impact criteria (5-8),
plus a 9th criterion, Budget Appropriateness:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Scientific strength of the proposed project
Centrality of project to BEACON’s mission
Probability of leading to external funding
Degree of multidisciplinarity
Impact on education and human resource development
Knowledge transfer to industry
Impact on achieving the diversity goals of BEACON
Multi-institutionality
Budget Appropriateness

Additionally, all education and outreach projects are required to include an evaluation plan.
This process has evolved over the last several years as the Executive Committee identifies
necessary refinements, but we have not made any substantial changes since the previous
reporting period.

1b-1c. Performance and management indicators and progress towards goals
BEACON’s overall Leadership and Management goals are to envision and enable the
Center’s mission through inclusive and transparent decision-making as well as effective and
responsible implementation; to inspire Center participants; and to facilitate collaborative efforts
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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.

GOAL
Increase in cross-disciplinary
research and education

Management Goals
METRICS
Number of paper/conference
submissions by BEACON
authors
Number of students enrolled
in cross-disciplinary courses
Number of funding proposals
submitted

Increase in cross-institutional
research and education

Number of paper/conference
submissions
Number of new courses and
workshops

Number of students in crossinstitutional courses
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PROGRESS
47% of publications and 38%
of presentations reported as
interdisciplinary
24 in semester-long courses,
plus hundreds in workshops
on computational science for
biologists
41 of 60 grant proposals
submitted (68%) reported as
interdisciplinary; 26 of 60
(43%) inter-institutional
38% of all publications and
45% of presentations reported
to be cross-institutional
As discussed in Education
section, many Data Carpentry
workshops were offered to a
national audience in the
reporting period, plus one
EDAMAME (Explorations in
Data Analyses for
Metagenomic Advances in
Microbial Ecology) workshop.
Kevin Liu developed a new
course, in Fall, 2016: CSE
836: Computational
Comparative Genomics with
Applications in Biology and
Biomedicine, but all
enrollment in 2016 was from
MSU.
In 2016, there were 22 MSU
students and 2 students from
partner universities enrolled in
semester-long BEACON
courses. Some BEACON
partners offered local
equivalents to these MSU
courses. Hundreds participated
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in workshops on
computational science for
biologists
Increase in new funding
Number of submissions
BEACON researchers
sources (cross-disciplinary and
submitted 60 proposals for
cross-institutional)
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
funding period (>$6M for
cross-disciplinary proposals),
exceeding goal of $5M/year
Effective support of Center
Survey for participants about
2016 evaluation illustrates
operations by Management
management team
patterns of interdisciplinary
team
and interinstitutional
collaboration
Feedback from External
Feedback has been positive
Advisory Committee
and encouraging (Appendix
C)
Center is perceived by NSF as Renewal of NSF funding
BEACON’s 5-year renewal
exemplary
proposal was approved and
funded.
Number of public mentions
Over 50 tweets, retweets,
made by NSF about BEACON favorites, and mentions by
@NSF_BIO Twitter account;
at least one piece on NSF
media (Science 360 Radio)
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 interinstitutional.
Research: The graph below illustrates the reported percentage of paper and grant proposal
submissions in each year that are interdisciplinary and interinstitutional. Both types of
collaborative outputs increased steadily during BEACON’s first five years, with a much sharper
increase of interdisciplinary publications between Years 3 and 5. The past year shows that this
rate has largely plateaued, and about 50-70% of current BEACON outputs are self-reported as
interdisciplinary and about 45% as interinstitutional. This plateauing is not unexpected and is at a
level viewed as very acceptable by BEACON management.
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Education: The BEACON interdisciplinary graduate courses have continued, as described in
section III: Education, and have served about 2 students this year. In addition, major efforts by
Tracy Teal and collaborators at SESYNC, NESCent, iDigBio, iPlant, NEON and BEACON
established course objectives and developed materials for Reproducible Research workshops and
a new kind of workshop patterned loosely on Software Carpentry workshops, called Data
Carpentry. Funding has supported a hackathon to develop materials for a Genomics-focused
Data Carpentry workshop and the subsequent piloting of that workshop and a hackathon to
develop lessons for a Reproducible Research workshop and four Reproducible Research
workshops. The goal of the workshop is that students will be able to recognize problems that
reproducible research helps address. They will know how to identify pain points in getting
analyses to be reproducible. They will understand role of documentation, sharing, automation,
and organization in making research more reproducible. Students will be introduced to selected
tools to solve these problems, specifically R /RStudio / RMarkdown. Modules include
Organization, Literate Programming, Version Control, Automation, and Publication. This
curriculum will become official lessons of Data Carpentry for broader use and dissemination,
and the team is currently working to bring the lessons over to the Data Carpentry templates.
An intensive, 10-day summer workshop was also offered with BEACON funding to provide
computational training to microbial ecologists: Explorations in Data Analyses for Metagenomic
Advances in Microbial Ecology (EDAMAME), organized and taught by Ashley Shade, Tracy
Teal, and Adina Howe, along with several postdoctoral and graduate teaching assistants. This
year was the third year the workshop has been offered, and Shade was awarded support by the
National Institutes of Health last year to offer this workshop each summer for an additional three
years.
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Funding sources: BEACON researchers reported submitting 60 grant proposals for well
over $35M during this reporting period, 41 (68%) of which are interdisciplinary, and 26 (43%)
of which are interinstitutional. Of these, 25 have been funded so far (17 [68%] interdisciplinary
and 12 [48%] inter-institutional) for a total of over $11M in external funds, from NSF, NIH,
DARPA, the Air Force Research Laboratory, and private foundations including the Bill and
Melinda Gates Foundation, the Welch Foundation, the Fred Gloeckner Foundation, and the Keck
Foundation. 10 submitted proposals were declined, and no decision has yet been reported for
another 25 proposals.
Other metrics:
BEACON Organizational Formative Evaluation Report. Each year since its inception,
BEACON has charged a team of experts on organizational evaluation, led by Drs. Patricia
Farrell-Cole and Marilyn Amey, to study BEACON and report on the attitudes of participants,
practices of management, and other related issues that might reveal desirable changes in
BEACON’s structure or procedures. In 2016, Farrell-Cole and Amey conducted a social network
analysis of BEACON members by studying collaboration on reported BEACON outputs
(publications, presentations, grant proposals, media pieces, outreach events, courses taught
together, etc.) from 2010 to 2015. Below, we include an excerpt from the report:
“The findings reveal BEACON members are collaborating across disciplines and
institutions, but collaboration varies by institution and discipline. As of 2015,
interdisciplinary collaboration continues to grow while interinstitutional collaboration has
plateaued. Interdisciplinarity is needed across the network for answering the big
evolution in action research questions, and… evidence suggests interdisciplinary work is
a strong feature of BEACON output. Interinstitutional collaboration is important for (1)
research where there are not content experts on site, (2) sharing and learning for
answering the big research questions, (3) educational and outreach programming, and (4)
the pipeline of students being retained in BEACON-related fields...
“Disciplinary boundary spanning is important to advance knowledge beyond the limit of
a single discipline, such as biologists working with computer scientists… BEACON, as
an STC, is confirming interdisciplinary collaboration can occur despite the structural
policies and procedures that universities put into place. Funding agencies and others
understand the need for interdisciplinary collaboration to advance knowledge, but
universities and departments have been slower to recognize that differentiation across
outputs is necessary and needs to be recognized.
“The experts on various subjects may not all be at the same institution, so it is important
to cross institutional boundaries, as well. As we stated in 2015, BEACON leadership
should continue (a) acclimating new BEACONites into the culture, (b) findings ways to
assist members in making new connections across disciplines and institutions, and (c)
educating members about the differences in disciplinary language, methods, and
scholarly output…
“Research on faculty work and socialization, including that which occurs in STEM fields,
suggests that newer faculty and more established faculty benefit from working with one
another, and innovation is more likely when interdisciplinarity is the foundation.
Continued identification of effective strategies that support and increase interdisciplinary
work across BEACON roles is important as members transition and institutional memory
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is lost. BEACON can benefit from understanding the stories and strategies of those
actively engaged in cross-boundary work, allowing those who aspire to these
collaborations to draw on these experiences to transform their own scholarly endeavors.
This is especially important when considering marginalized populations (e.g., women,
minorities).”
Farrell and Amey’s findings quantify our impressions of the degree to which BEACON
supports interdisciplinary and interinstitutional collaboration. Based on these findings, we will
maintain our focus on integrating new members and encouraging continuing members to work
collaboratively. We also plan to study patterns of collaboration more deeply. One of the
limitations of this study was the broad categories used (Life Sciences, Computer Science, and
Engineering), which may underestimate the level of interdisciplinary collaboration, given that
much collaboration occurs across subfields within, for example, the Life Sciences. Farrell and
Amey plan to break these categories down into subfields next, and will conduct a more detailed
social network analysis.
External Donor Support Highlights BEACON’s Pre-eminence in Evolutionary Computation.
BEACON received its second Endowed Chair in 2014. The donor, Dr. John R. Koza, is a pioneer
in genetic programming, a form of evolutionary computation. In September, 2014, he made a gift
to BEACON Center at Michigan State University to establish the John R. Koza Endowed Chair
in Genetic Programming. This position will help to assure BEACON’s legacy, while greatly
contributing to its research in its second five years of STC support. Because Dr. Koza is not an
alumnus of MSU, this is an unusual gift that, according to the donor, results from BEACON’s
leadership in the field. MSU appointed Dr. Wolfgang Banzhaf, previously at Memorial
University of Newfoundland, to fill this chair, beginning August 2016. Banzhaf is one of the coauthors of Genetic Programming: An Introduction, a classic text in the field, as well as the sole
author of Linear Genetic Programming, which provided a new basis to view genetic
programming, extending the original work of Koza to new domains. In addition, Banzhaf served
as the founding editor of the journal Genetic Programming and Evolvable Machines. He
currently chairs the Association for Computing Machinery’s Special Interest Group on Genetic
and Evolutionary Computation (SIGEVO). At MSU, Banzhaf’s primary appointment is in the
Department of Computer Science and Engineering, and through BEACON he interacts with
many other researchers from many disciplines. He will also co-teach the Spring 2017 BEACON
course in Multidisciplinary approaches to the study of evolution, with Chris Adami.

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 work through these problems 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 people and
ongoing activities. 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
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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 faceto-face event is the annual BEACON Congress, where members from all five institutions come
together to present results from research and education activities and to brainstorm around
research problems. In 2012, the Congress was two full days (in addition to the student/postdoc
retreat day); in 2013, we added a third full day, which has now become standard. The 2016
Congress featured a special fourth day in celebration of Rich Lenski’s 60th birthday. Beginning
with the 2012 Congress, we began holding a Student/Postdoc Retreat day on the day before the
main Congress. Topics covered at the 2016 Retreat included: All About BEACON (Connie
James, BEACON Business Manager), Tailoring Science Communication (David Poulson,
Associate Director, Knight Center for Environmental Journalism), Alternatives to the Academic
Biologist (Susanne Kleff, Senior Scientist at Michigan Biotech Institute; and Stephen Beyer,
DNR Biological and Social Science Supervisor), Alternatives to the Academic Computer
Scientist (Anuraag Pakanati, MDA Information Systems LLC, CEO Galactic Starfish; and Dirk
Colbry, Director of HPC Studies, MSU), Presentation Advice for Computer Scientists (Heather
Goldsby, Postdoctoral Researcher, MSU), and Presentation Advice for Biologists (Allan
TerBush, Postdoctoral Researcher, MSU). At the 2013 Congress, we introduced a networking
event that gave students and postdocs an opportunity to meet and interact with faculty members
that they might not normally talk to. This event was very popular and successful, and was
repeated in 2015 and 2016.

2. Management and communications systems
Management systems. Our central management “engine” is our intranet system, the original
structure of which we purchased from the Center for Materials and Devices for Information
Technology Research (CMDITR) in November 2010. Since the last reporting period, we have
continued updating the site to improve functionality and user experience. Our new Information
Technologist, Tim Schmidt, continues to work on migrating the database and the user interface
over to Wordpress systems, which will improve functionality for users and also make the process
of reporting much easier.
Central website. Our website is located at www.beacon-center.org. The front page of this
website is in a blog format. We have featured weekly blog posts by BEACON students,
postdocs, and faculty describing their research at a level accessible to the scientific public every
week since April 2011. The primary blog theme is "BEACON Researchers at Work," in which
students and postdocs describe their research questions and approach, and include a photo to
introduce" themselves to the public. The BEACON Science Communication Postdoc (currently
Travis Hagey) solicits, schedules, and edits these posts. In addition, we also post news stories
about BEACON research and education activities in that space. Other pages in the website
describe BEACON 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.
Social media. We also connect with our members and the general public via Facebook
(http://www.facebook.com/BEACONCenterEvolution, 678 “likes” as of 10/14/16, an increase of
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57% since the last annual report and Twitter (@BEACON_Center, 1094 followers as of
10/14/16, an increase of 25%). We use these networking tools to announce blog posts and media
coverage, to send reminders about Center-wide activities, to share relevant web material, and to
help maintain a sense of community. We also encourage live-tweeting at the BEACON
Congress, which greatly increases BEACON’s visibility in scientific social media circles. These
social media feeds are updated at least 2-3 times a week by the Managing Director, Education
Director, and the three BEACON Professional Development postdocs: Science Communication
Postdoc Travis Hagey, Evolution Education & Outreach Postdoc Alexa Warwick, and Diversity,
Outreach & Broader Impacts Postdoc Wendy Smythe.
Newsletter. In 2013, we began producing the “BEACON Buzz,” a bi-monthly newsletter
reporting on accomplishments of BEACONites and upcoming events. The newsletter is written
by BEACON’s Science Communications Fellow, a position first held by graduate student Emily
Weigel, and taken up by Leigh Sheneman in summer 2014. The newsletter is typically a fourpage full-color publication; the PDF is sent out to our mailing list and posted online, and we also
provide print copies to visitors to BEACON (including attendees at the annual Congress and
other events).
Videocommunications systems. For our weekly Friday all-location meetings we are using
Polycom and Tandberg dedicated videoconferencing equipment, augmented by a central "bridge"
at MSU (outside BEACON) and a software bridge hosted by Acano. Presenters are able to speak
and show slides at any of the partner schools and have them viewed at high quality at the other
universities. The University of Washington also has members regularly attending from two
remote sites (Friday Harbor Laboratories and Fred Hutchinson Cancer Research Center), and
some MSU members attend from Kellogg Biological Station. The audience at all these sites can
be seen and heard by the speakers to allow cross-campus interactions. A limited number of
individuals can view/hear these meetings from their personal computers and even interact by
telephone. For multiple-campus classes (two in the fall and one in the spring) we use the same
video-conferencing equipment, but controlled by the local Polycom unit at the BEACON center
at MSU. For smaller and informal meetings across campuses we are using Skype, Google
Hangouts, or Acano. A Canon Vixia camera and Vidiu encoder are available for live-streaming
events via Youtube, Livestream, or other web video services.

3. Names and affiliations of the Center's external advisors
In 2016, Allen Rodrigo retired from the BEACON External Advisory Board because he
relocated to Australia. Scott Edwards, a former BEACON EAC member, finished his rotation at
NSF and has rejoined the board.

Name
Meghan Duffy
Scott Edwards
John Koza
Hod Lipson
Ross Nehm

External Advisory Board
Affiliation
University of Michigan
Harvard University
Stanford University
Cornell University
SUNY Stony Brook
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Una-May O'Reilly
Martin Pelikan
Joan Strassman

Massachusetts Institute of Technology
Google Inc.
Washington University in St. Louis

The sixth meeting of BEACON’s External Advisory Board was held August 11, 2016, at
Michigan State University, during the BEACON Congress, which was attended by several of the
members. The summary report from that meeting is provided in Appendix C.

4. Changes to the Center's strategic plan
We have made no major changes to any of the outcomes or metrics in our Strategic
Implementation Plan.
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VIII. CENTER-WIDE OUTPUTS AND ISSUES
1a. Center publications
Peer-Reviewed Publications
1.
2.
3.
4.
5.
6.
7.
8.
9.

10.
11.

12.
13.
14.

Adami C; Schossau J; Hintze A. 2016. Evolutionary Game Theory Using Agent-based
Methods. Physics of Life Reviews.
Adami C. 2016. What is Information? Phil. Trans. Roy. Soc. A.
doi:10.1098/rsta.2015.0230.
Ahrari A; Deb K; Preuss M. 2016. Multimodal Optimization by Covariance Matrix Self
Adaptation Evolution Strategy with Repelling Subpopulations. Evolutionary
Computation Journal. doi:10.1162/EVCO_a_00182.
Ahrari A; Deb K. 2016. An improved fully stressed design evolution strategy for layout
optimization of truss structures. Computers & Structures 164:127-144.
doi:10.1016/j.compstruc.2015.11.009.
Ahrari A; Lei H; Aidi Sharif M; Deb K; Tan X. 2016. Design optimization of an artificial
lateral line system incorporating flow and sensor uncertainties. Engineering
Optimization. doi:10.1080/0305215X. 2016.1168108.
Ahrari A; Lei H; Aidi Sharif M; Deb K; Tan X. 2016. Design optimization of an artificial
lateral line system incorporating flow and sensor uncertainties. Engineering
Optimization. doi:10.1080/0305215X.2016.1168108.
Ahrari A; Lei H; Aidi Sharif M; Deb K; Tan X. 2016. Optimum Design of Artificial
Lateral Line Systems for Object Tracking under Uncertain Conditions. GECCO.
Alavi AH; Gandomi AH. 2016. Progress of machine learning in geosciences: Preface.
Geoscience Frontiers 7:1-2. doi:10.1016/j.gsf.2015.10.006.
Alyaqoub FS; Aldhamen YA; Koestler BJ; Bruger EL; Seregin SS; Pereira-Hicks C;
Godbehere S; Waters CM; Amalfitano A. 2016. In Vivo Synthesis of Cyclic-di-GMP
Using a Recombinant Adenovirus Preferentially Improves Adaptive Immune Responses
against Extracellular Antigens. Journal of Immunology 196:1741-1752.
doi:10.4049/jimmunol.1501272.
Arnosti DN. 2016. Quantitative perturbation analysis predicts enhancer activity in the
Drosophila embryo. eLife. doi:10.7554/eLife.08445.
Banzhaf W; Baumgaertner B; Belson G; Doursat R; Foster JA; McMullin B; Veloso
deMelo V; Miconi T; Spector L; Stepney S; Roger W. 2016. Defining and Simulating
Open-Ended Novelty: Requirements, Guidelines, and Challenges. Theory in Biosciences
135:131-161. doi:10.1007/s12064-016-0229-7.
Bazaz Behbahani S; Tan X. 2016. Bio-inspired flexible joints with passive feathering for
robotic fish pectoral fins. Bioinspiration & Biomimetics.
Bazaz Behbahani S; Tan X. 2016. Design and modeling of flexible passive rowing joints
for robotic fish pectoral fins. IEEE Transactions on Robotics 32:1119-1132.
doi:10.1109/TRO.2016.2593452.
Benson-Amram S; Dantzer B; Stricker G; Swanson EM; Holekamp KE. 2016. Brain size
predicts problem-solving ability in mammalian carnivores. PNAS 113:2532-2537.
doi:10.1073/pnas.1505913113.
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

Blount ZD. 2016. A Case Study in Evolutionary Contingency. Studies in the History and
Philosophy of Biological and Biomedical Sciences 58:82-92.
doi:10.1016/j.shpsc.2015.12.007.
Boughman J; Braasch I; Stenkamp D; Sukeena J; Robison B. 2016. Characterization and
evolution of the spotted gar retina. Journal of Experimental Zoology: Molecular and
Developmental Evolution.
Braylan A; Hollenbeck M; Meyerson E; Miikkulainen R. 2016. Reuse of Neural Modules
for General Video Game Playing. Artificial Intelligence.
Braylan A; Miikkulainen R. 2016. Object-Model Transfer in the General Video Game
Domain. Twelfth AAAI Conference on Artificial Intelligence and Interactive Digital
Entertainment.
Brown CJ; Quates CJ; Mirabzadeh CA; Miller CR; Wichman HA; Miura TA; Ytreberg
FM. 2016. New perspectives on Ebola virus evolution. PLoS One.
doi:10.1371/journal.pone.0160410.
Burks AR; Punch WF; Genet WF. 2016. An analysis of the genetic marker diversity
algorithm for genetic programming. Genetic Programming and Evolvable Machines.
doi:10.1007/s10710-016-9281-9.
Burmeister AR; Lenski RE; Meyer JR. 2016. Host coevolution alters the adaptive
landscape of a virus. Proceedings of the Royal Society B. doi:10.1098/rspb.2016.1528.
Burmeister AR; Smith JJ. 2016. Evolution across the Curriculum: Microbiology. Journal
of Microbiology and Biology Education 17:252-260. doi:10.1128/jmbe.v17i2.988.
Canino-Koning R; Wiser MJ; Ofria CA. 2016. The Evolution of Evolvability: Changing
Environments Promote Rapid Adaptation in Digital Organisms. Proceedings of the
Artificial Life Conference 2016.
Cao LD; Xu LD; Goodman ED. 2016. A Guiding Evolutionary Algorithm with Greedy
Strategy for Global Optimization Problems. Computational Intelligence and
Neuroscience. doi:10.1155/2016/2565809.
Chapman SD; Adami C; Wilke CO; KC DB. 2016. The evolution of logic circuits for the
purpose of protein contact map prediction. PeerJ. doi:10.7287/peerj.preprints.2197v1.
Chaumont N; Adami C; Genet C. 2016. Evolution of Sustained Foraging in ThreeDimensional Environments with Physics. Genetic Programming and Evolvable
Machines. doi:10.1007/s10710-016-9270-z.
Chen L; Liu H; Fan Z; Xie S; Goodman ED. 2016. Modeling the Tracking Area Planning
Problem Using an Evolutionary Multi-objective Algorithm. IEEE Computational
Intelligence Magazine.
Connelly B; Dickinson K; Hammarlund S; Kerr B. 2016. Negative niche construction
favors the evolution of cooperation. Evolutionary Ecology 30:267-283.
doi:10.1007/s10682-015-9803-6.
Deatherage DE; Kepner J; Bennett A; Lenski RE; Barrick JE. 2016. Specificity of
genome evolution in experimental populations of Escherichia coli evolved at different
temperatures. Proc. Natl. Acad. Sci. U. S. A.
Derryberry DZ; Cowperthwaite MC; Wilke CO. 2016. Reproducibility of SNV-calling in
multiple sequencing runs from single tumors. PeerJ.
Dolson EL; Wiser MJ; Ofria CA. 2016. The Effects of Evolution and Spatial Structure on
Diversity in Biological Reserves. Artificial Life. doi:10.1101/043083.
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32.

33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43.
44.
45.
46.
47.
48.

Dover JA; Burmeister AR; Molineux IJ; Parent KN. 2016. Evolved Populations of
Shigella flexneri Phage Sf 6 Acquire Large Deletions, Altered Genomic Architecture, and
Faster Life Cycles. Genome Biology and Evolution 8:2827-2840.
doi:10.1093/gbe/evw177.
Dunham M; Hope E; Miller A; Heil C. 2016. Experimental evolution-based design to
reduce the adaptive potential for flocculation in Saccharomyces cerevisiae. PNAS.
Echave J; Spielman SJ; Wilke CO. 2016. Causes of evolutionary rate variation among
protein sites. Nature Rev. Genet 17:109-121. doi:10.1038/nrg.2015.18.
Eisthen HL; Theis KR. 2016. Animal-microbe interactions and the evolution of nervous
systems. Phil Trans Roy Soc B (London). doi: 10.1098/rstb.2015.0052.
Ellefson JW; Gollihar J; Shroff R; Shivram H; Iyer VR; Ellington AD. 2016. Synthetic
Evolutionary Origin of a Proofreading Reverse Transcriptase. Science 352:1590-1593.
doi:10.1126/science.aaf5409.
Ellington AD. 2016. Landscape-Based Biology. J. Mol. Evol. doi:10.1007/s00239-0159706-8.
Enyeart PJ; Simpson ZB; Ellington AD. 2016. A Microbial Model of Economic Trading
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Zhbannikov I; Hunter S; Foster JA; Settles MA. 2016. SeqyClean: a pipeline for highthroughput sequence data preprocessing. ACM Conference on Bioinformatics and
Computational Biology.
Book Chapters

1.

2.
3.
4.
5.
6.
7.
8.

Atwell JW; Whittaker DJ; Price TD; Ketterson ED. 2016. Shifts in hormonal,
morphological, and behavioral traits in a novel environment: comparing recently
diverged Junco populations. Snowbird: Integrative Biology and Evolutionary Diversity in
the Junco 225-262.
Blount ZE. 2016. Lessons in Evolutionary Contingency from Microbial Evolution
Experiments. Chance and Evolution.
Burks AR; Punch WR. 2016. An Investigation of Hybrid Structural and Behavioral
Diversity Methods in Genetic Programming. Genetic Programming Theory and Practice
XIV.
Lenski RE. 2016. How evolution shapes our lives. How Evolution Shapes Our Lives:
Essays on Biology and Society. 1-11
Pennock RT. 2016. Evolution and Computing. How Evolution Shapes Our Lives: Essays
on Biology and Society 206-219
Whittaker DJ; Gerlach NM. 2016. Mate choice in dark-eyed juncos using visual,
acoustic, and chemical cues. Snowbird: Integrative Biology and Evolutionary Diversity in
the Junco 281-309
Wiser ME; Lenski RE. 2016. Evolutionary theory and experiments with microorganisms.
Reference Module in Life Sciences.
Yao ME; Tao ZE; Ji WM; Yao YM; Fleet BM; Goodman ED; Deller JR, Jr. 2016.
Pathological tissue permittivity distribution difference imaging: Near-field microwave
tomographic image for breast tumor visualization. Emerging trends in applications and
infrastructures for computational biology bioinformatics and systems biology systems
and applications 429-445.
Other Non-Peer Reviewed Publications

1.

Camp TE; Mishler DE; Barrick JE. 2016. Negative design to prevent evolutionary
failure. Benchling. https://benchling.com/pub/efm-calculator
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1b. Conference presentations
Talks
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.
13.
14.
15.
16.
17.
18.
19.

Adami C. Information, Physics, and Cancer. American Physical Society March Meeting.
Baltimore, MD.
Adami C; LaBar T. Is the emergence of life on Earth an example of guided selforganization? Artificial Life 15. Cancun, Mexico.
Adami C; LaBar T. Survival of the drift dodger. BEACON Congress. East Lansing, MI.
Amey M; Farrell-Cole PL; Fitzgerald S; Gardner A. Crossing Disciplinary, Institutional,
and Role Boundaries. Association for the Study of Higher Education. Columbus, OH.
Amey M; Fitzgerald S; Gardner A. Studying Team Science: Our Responsibilities as
Researchers. Association for the Study of Higher Education (ASHE). Columbus, OH.
Baskett CA. Evolving reproductive isolation along the speciation continuum. American
Naturalists. Asilomar, CA.
Berling E; McLeskey C; Pennock RT. A Virtue-Based Responsible Conduct of Research
(RCR) Curriculum: Pilot Test Results. Character and Virtue in the Professions. Univ. of
Birmingham. Birmingham UK.
Blount ZD. Richard E. Lenski: The man, the career, the legend, and his place in science.
2016 BEACON Congress. East Lansing, MI.
Blount ZD; Weatherspoon K; Rowles M; Sommerfeld BA; Turner C; Wright J; Lenski
RE. Adaptation to Discovered and Self-Constructed Niches During Incipient Speciation
in an Experimental Population of E. coli. Evolution 2016. Austin, TX.
Blount ZD; Weatherspoon K; Rowles M; Sommerfeld BA; Wright J; Turner C; Lenski
RE. Adaptation to Discovered and Self-Constructed Niches During Incipient Speciation
in an Experimental Population of E. coli. 2016 BEACON Congress. East Lansing, MI.
Blount ZD; Weatherspoon K; Rowles M; Wright J; Sommerfeld BA; Lenski RE; Turner
C. Ecological Specialization and Incipient Speciation in an Experimental Population of
Escherichia coli (The Cit+ Story is Even More Complicated than We Thought). LIA
Meeting: EvoAct: Evolution in Action with Living and Artificial Organisms. Autrans,
France.
Bohm C. MABE: An Introduction to MABE (Modular Agent Based Evolution) and
Markov Network Brains. ALIFE15. Cancun, Mexico.
Bohm C. Using MABE. BEACON Congress. East Lansing, MI.
Boughman J. The ecological niche and mate preference in diversification. Evolution.
Austin, TX.
Briner JE; Briscoe A. UV color vision in Heliconius doris. Evolution 2016. Austin, TX.
Briner JE; Briscoe A. UV color vision in Heliconius doris. BEACON Congress. East
Lansing, MI.
Brooker S; Foster JA; McGuire M; McGuire MK; Williams J. Designer Milk? Signatures
of selection in human milk oligosaccharides. BEACON Congress. East Lansing, MI.
Brooker S; Williams J; Davenport K; Foster JA; McGuire M; Murdoch B. Has evolution
of human milk sugars responded to a biocultural sweet tooth? Inland Northwest
Genomics Research Symposium. Moscow, ID.
Brown Clarke J. The Power of Words, Actions and Silence. COGS Annual Diversity &
Inclusion Workshop. East Lansing, MI.
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20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Brown Clarke J. SSE Diversity of Careers Workshop for Graduate Students and PostDocs. Annual Evolution Conference. Austin, TX.
Brown Clarke J. Empowering Native Students Through Traditional Knowledge in STEM
Disciplines. American Indian Science & Engineering Society. Minneapolis, MN.
Brown Clarke J; Smythe WF. Western Science and Traditional Knowledge. Hiada
Community: Science & Culture Camp. Hydaburgh, AK.
Burmeister A. Convened Symposium: Can we evolution-proof antibiotic therapy?
BEACON Congress. East Lansing, MI.
Clark T; Friel C; Grman E; Friesen M. Assessing accuracy of a plant-microbe resourceexchange model. BEACON Congress. East Lansing, MI.
Clark T; Friel C; Grman E; Friesen M. Assessing accuracy of a plant-microbe resourceexchange model. Midwest Graduate Research Symposium. University of Toledo, OH.
Clark T; Friel C; Grman E; Friesen M. Assessing accuracy of a plant-microbe resourceexchange model. Plant Science Graduate Student Research Symposium. East Lansing,
MI.
Connelly B. Even Evolution Gets the Blues. EVO-WIBO. Port Townsend, WA.
Cummings M. Linking cognition to mate choice in poeciliids. Animal Behavior Society.
Columbia, MO.
de Lima J; Distin M; Long T. Contextual Differences Influence Student Reasoning about
Natural Selection. Society for the Advancement of Biology Education Research
(SABER) National Meeting. University of Minnesota, MI.
de Lima J; Long T. Contextual Differences in Student Reasoning. Graduate Advocacy
Conference. East Lansing, MI.
de Lima J; Long T. Contextual Differences in Student Reasoning about Natural Selection.
Plant Science Graduate Student Research Symposium. East Lansing, MI.
Di Stilio VS. The ABC model of flower development in non-core eudicots. Botany 2016.
Savannah, GA.
Di Stilio VS; Morioka K; Tank DC. Evolutionary consequences of polyploidy in plants.
BEACON Congress. East Lansing, MI.
Dittmar E; Schemske D. Local adaptation and fitness trade-offs in a California
wildflower. Society for the Study of Evolution annual meeting. Austin, TX.
Dolson EL; Vostinar AE; Wiser M; Ofria C. Identifying Necessary Components for
Open-Ended Evolution. Artificial Life. Cancun, Mexico.
Dolson EL; Wiser M; Ofria C. Effects of Evolution and Spatial Structure on Diversity in
Biological Reserves. North American Congress on Conservation Biology. Madison, WI.
Dufour YS; Kim H-S; Lee J; Nguyen N. Regulation of non-genetic phenotypic diversity
in Vibrio cholerae. BEACON Congress. East Lansing, MI.
Dunham M. Evolving and Engineering Cell Aggregation in Yeast. Sc2.0. Edinburgh
Ellington AD. Directed Evolution for Translation. BEACON Congress. East Lansing,
MI.
Fodor ACA. The Evolution of Metazoan Larvae. Larval Biology. Friday Harbor Labs,
University of Washington, WA.
Gering E. Rapid life history evolution in feral Gallus gallus involves both ancestral and
artificially-selected traits. Genetics of Adapatation (National Center for Biological
Synthesis). Bangalore, India.
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42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

Gering E. Evidence of adaptation in feral (Gallus gallus) genepools. Society for the
Study of Evolution. Austin, TX.
Gering E. Feralization. American Society of Naturalists.
Goodman ED. Applying Evolutionary Computation in Industrial Practice. IEEE World
Congress on Computational Intelligence. Vancouver BC, Canada.
Goodman ED. Applying Evolutionary Computation in Industrial Practice. GECCO 2016.
Denver, CO.
Greenberg J; Holekamp KE. Stress hormone concentrations in early life predict longevity
and reflect human disturbance in wild spotted hyenas (Crocuta crocuta). Society for
Conservation Biology Annual Meeting. Madison, WI.
Haas K; Mead LS; Matthews D; Schwartz KL. Teaching Evolution: A Conversation
about Misconceptions and Models. Michigan Science Teachers Association. Lansing, MI.
Hagey T. Variation in Limb Length Across Lizards. Evolution. Austin, TX.
Hagey T. Variation in Limb Length Across Lizards. Joint meeting of Ichthyologists and
Herpetologists, New Orleans, LA.
Hagey T. Lizard Toe Pad Shape. BEACON Congress. East Lansing, MI.
Hayes R. Interactive Alien Construction as a Way to Approach Astrobiology Education.
SOCIA 2016: Examining Broader Issues in Astrobiology and Space Exploration.
Clemson, SC.
Holekamp KE. The Evolution of Problem Solving Abilities in Mammalian Carnivores.
Convergent Minds. Boston, MA.
Hope E. Using Experimental Evolution to Engineer a Low Flocculation Yeast Strain. The
Allied Genetics Conference. Orlando, FL.
Jack C. Coevolution and plant-microbe-herbivore interactions mediate establishment of
invasive plants. Evolution. Austin, TX.
Jordt H; Estrela S: Loftie-Eaton W; Top EM; Kerr B. Use it AND lose it: Alternating
selection promotes horizontal gene transfer. 2016 International Plasmid Biology
Conference. Cambridge, England.
Keagy J; Boughman J; Hofmann HA. Transcriptomics of female mate discrimination in
recently diverged stickleback species. International Society of Behavioral Ecology.
Exeter, UK.
Keagy J; Lettieri L; Boughman J. Male competition fitness landscapes predict both
forward and reverse speciation. International Society of Behavioral Ecology. Exeter, UK.
LaBar T; Adami C. Experimental Evolution of Drift Robustness in Digital Organisms.
Evolution 2016. Austin, TX.
Lalejini AM; Ofria C. The Evolutionary Origins of Phenotypic Plasticity. ALife 2016.
Cancun, Mexico.
Lalejini AM; Ofria C. The Evolutionary Origins of Phenotypic Plasticity. BEACON
Congress 2016. East Lansing, MI.
Lenski RE. Experimental Evolution: Evolution in Action in Bacteria and Avida. AvidaED Active LENS Train-the-Trainers Workshop. East Lansing, MI.
Lenski RE. Time Travel in Experimental Evolution: Phenotypic and Genomic Dynamics
in E. coli over 65,000 Generations. Workshop on Explorations in Data Analyses for
Metagenomic Advances in Microbial Ecology. Kellogg Biological Station, Hickory
Corners, MI.
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63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

Lenski RE. Time Travel in Experimental Evolution: 65,000 Generations in the RearView Mirror. American Society for Microbiology Conference on Experimental Microbial
Evolution. Washington, DC.
Lenski RE. Experimental Evolution and the Dynamics of Adaptation and Genomic
Evolution in Microbial Populations. International Society for Microbial Ecology.
Montreal, Canada.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution During 50,000 Generations
of Experimental Evolution. Perspectives in Genomics. Cancun, Mexico.
Luttrell SM; Gotting K; Ross E; Alvarado AS; Swalla BJ. Getting a Head with
Ptychodera flava Regeneration. University of Washington Graduate Student Symposium.
University of Washington, Seattle, WA.
Luttrell SM; Gotting K; Ross E; Alvarado AS; Swalla BJ. Head Regeneration in a Stem
Deuterostome. The Society for Integrative and Comparative Biology Conference.
Portland, OR.
Macias-Muñoz A; Briscoe A. Evolution of CRAL-TRIO domain genes in Heliconius
melpomene. Evolution Meeting. Austin, TX.
Macias-Muñoz A; Briscoe A. Evolution of CRAL-TRIO domain genes in Heliconius
melpomene. BEACON Congress. East Lansing, MI.
Maiden M. Mapping Antibiotic Targets in Biofilms to Develop Better Therapies for
Cystic Fibrosis. BEACON Congress 2016. Kellogg Biological Station, Hickory Corners,
MI.
McGuire M; McGuire MK. The human milk microbiome and oligosaccharides - What's
normal and so what? Joint Animal and Dairy Science Association Meeting. Salt Lake
City, UT.
McLeskey C; Berling E; Pennock RT. Reviewing the Responsible Conduct of Research
Literature from a Scientific Virtue Perspective. Character and Virtue in the Professions.
Univ. of Birmingham. Birmingham, UK.
Miikkulainen R. Evolving Neural Networks. Genetic and Evolutionary Computation
Conference. Denver, CO.
Mobley R; Weigel EG; Foster S; Tillotson M; Boughman J. Fish Brains on Acid:
Stickleback Visual and Olfactory Perception in Response to Altered Humic
Environments. Midwestern Ecology and Evolution Conference. Miami University, OH.
Pennock RT. Scientific integrity and the Rise and Fall of Intelligent Design Creationism.
American Association for the Advancement of Science. Washington, DC.
Pennock RT. Scientific Values and Character Virtues. American Association for the
Advancement of Science. Washington, DC.
Pennock RT. Experimental Evolution in the Classroom: The Active LENS Project.
Envisioning the Future of Undergraduate STEM Education: Research and Practice.
Washington, DC.
Pennock RT. The Scientific Virtues: Results of an Interdisciplinary Study. Character and
Virtue in the Professions. Birmingham, UK.
Pennock RT. Rethinking Science Ethics Training in light of the Scientific Character
Virtues. NSF Science & Technology Centers Directors Meeting. Washington, DC.
Pennock RT. Avida-ED: Overview. Active LENS Avida-ED Workshop. Lyman Briggs
College, Michigan State University, East Lansing, MI.
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81.
82.
83.
84.
85.
86.
87.

88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

Pennock RT; Blackwood DJ; Rupp M; Ofria C. Introducing Avida-ED 3. 0: Digital
Evolution for Education, Now in the Browser. BEACON Congress. East Lansing, MI.
Pennock RT; McLeskey C; Berling E. Ninety-Nine Percent Perspiration: A Dialogue
about the Virtue of Perseverance in Science. BEACON Center for the Study of Evolution
in Action. East Lansing, MI.
Pennock RT; Mead LS; Smith J; Lenski RE; Ofria C; Wiser M; Blackwood DJ. AvidaED workshop. Active LENS Workshop #2. East Lansing, MI.
Pennock RT; Ofria C; Blackwood DJ; Rupp M. Avida-ED 3. 0: The Digital Evolution
Education Platform, Now in the Browser. Evolution 2016. Austin, TX
Ramsey ME; Cummings M. Female cognition and the social landscape: Do female neural
and behavioral phenotypes vary with mating system complexity? BEACON Congress.
Lansing, MI.
Rojas CA; Theis KR; Holekamp KE. Uncovering the functional potential of body-site
specific microbiomes in spotted hyenas. Society for the Advancement of
Chicanos/Hispanics and Native Americans in Science. Long Beach, CA.
Schultheis EH; Kjelvik M. Data Nuggets: Bringing authentic research and data in the
classroom to unearth students’ quantitative and inquiry skill. Lowering the Barrier:
Making Quantitative Biology More Accessible. National Academies/HHMI Summer
Institute on Quantitative Biology. Raleigh, NC.
Smale L; Lundrigan B; Morrow AL; Hintze A. The Evolution of Temporal Niche:
Changing Course. Midwest Chronobiology Seminar. Champagne-Urbana, IL.
Smythe WF. Tribal Initiatives and Opportunities. NSF STC Directors Meeting.
Arlington, VA.
Smythe WF. REU Opportunities with Science and Technology Centers. AISES National
Conference. Phoenix, AZ.
Soule T; Robison B. Implementing models of evolution in video games. Evolution.
Austin, TX.
Stenkamp D. Mechanisms underlying differential regulation of tandemly replicated opsin
genes in zebrafish. NW Developmental Biology Conference. Friday Harbor, WA.
Stenkamp D. Retinoids and thyroid hormone regulate differential expression of tandemly
replicated cone opsins in the zebrafish. Gordon Research Conference in Visual System
Development. Mt. Snow, VT.
Top EM. Biofilm growth prevents complete tradeoff between horizontal and vertical
transfer in Acinetobacer baumannii. BEACON Congress. East Lansing, MI.
Vandepas LE. Ctenophore cell culture preparation - methods and potential applications.
Ctenopalooza. Whitney Marine Laboratories, Marineland, FL.
Vince Cruz CCE. Frequency of the intermediate sex phenotype in Scylla serrata in the
Philippines. 2016 NorthWest Developmental Biology Meeting. Friday Harbor
Laboratories, WA.
Vostinar AE. Science Slam: Prisoner's Dilemma Activity. Women@GECCO. Denver,
CO.
Warwick A. Sandbox: An integrative approach to public engagement. BEACON
Congress. East Lansing, MI.
Warwick A; Mead LS. Tri-society outreach opportunities through BEACON. Evolution
2016. Austin, TX.
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100.
101.
102.
103.
104.

Waters CM. Cyclic di-GMP: A regulatory maestro that orchestrates Vibrio cholerae
environmental adaptation. American Society of Microbiology, General Meeting. Boston,
MA.
Waters CM. Cyclic di-nucleotide signaling in Vibrio cholerae. Lake Arrowhead
Microbial Genomic Meeting. Lake Arrowhead, CA
Whittaker DJ; Theis KR. It's what's on the inside that counts… or is it? Microbial vs.
physiological mediation of sexually selected chemical signals in a songbird. Evolution
2016. Austin, TX.
Wilke C. Functional sites induce long-range evolutionary constraints in enzymes.
Evolution 2016. Austin, TX.
Wilke C. Structural and functional constraints on protein evolution. 24th Texas Protein
Folders and Function Meeting. Artesian Lakes, TX.
Posters

1.
2.
3.
4.

5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Amey M; Farrell-Cole PL; Fitzgerald S; Gardner A. BEACON Collaboration Network.
BEACON Congress. East Lansing, MI.
Baskett CA; Burmeister A; Zaman L; Takahashi C; Meyer J. Experimental Coevolution
and the Origin of Biodiversity. BEACON Congress. East Lansing, MI.
Baskett CA; Burmeister A; Zaman L; Takahashi C; Meyer J. Experimental Coevolution
and the Origin of Biodiversity. Evolution. Austin, TX.
Blount ZD; Weatherspoon K; Rowles M; Wright J; Turner C; Lenski RE; Sommerfeld
BA. Adaptation to Discovered and Self-Constructed Niches During Incipient Speciation
in an Experimental Population of E. coli. 2nd ASM Meeting on Experimental Microbial
Evolution. Washington, DC.
Bohm C. Wire Brains and Neuron Gates alternative methods for constructing evolvable
digital brains. BEACON Congress. East Lansing, MI.
Bundy JN; Lenski RE. Long-Term Adaptation to Glucose Contributes to Variation in
Novel Environments. BEACON Congress. East Lansing, MI.
Burmeister A; Sullivan R; Lenski RE. Viral Host Range Expansion Limits the Evolution
of Host Resistance. Evolution. Austin, TX.
Cavalieri CN; Holekamp KE; Lundrigan B. Shifting to a new place: influence of
developmental timing on life-history schedules in Order Carnivora. American Society of
Mammalogists. Minneapolis, MN.
Clark T; Friel C; Grman E; Friesen M. Assessing accuracy of a plant-microbe resourceexchange model. Society for Mathematical Biology Annual Meeting. University of
Nottingham, UK.
Conlin P; Reed S; Marcus J; Ratcliff W; Kerr B. Experimental evolution in a temporally
varying environment. Evolution. Austin, TX.
Davenport K. Does domestication affect the evolution of meiotic recombination in males
differently? BEACON Congress. East Lansing, MI.
de Lima J; Kjelvik M; Schultheis EH; Mead LS; Long T. Adapting Data Nuggets for
College Introductory Biology Courses. Society for the Advancement of Biology
Education Research (SABER) National Meeting. Minneapolis, MN.
Di Stilio VS. Reconstructing the ancestral role of a key transcription factor. BEACON
Congress. East Lansing, MI.
Estrela S; Morris JJ; Eric Klavins; Kerr B. The origins of microbial interdependencies.
EVO-WIBO. Port Townsend, WA.
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15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Estrela S; Morris JJ; Kerr B. The origins of microbial interdependencies. BEACON
Congress. East Lansing, MI.
Friel C; Friesen M; Strauss S. Genetic elements underlying effective symbiosis in
Trifolium-Rhizobium interactions. International Society for Molecular Ecology. Montreal,
Canada.
Friel C; Friesen M; Strauss S. Genomic analysis of coexistence and symbiosis in
Trifolium populations. Society for Molecular Biology and Evolution. Gold Coast,
Australia.
Gallant JR; Losilla M; Warren W; Minx P; Tomlinson C; Brown S. The Mormyrid
Genome: Projects, Prospects and New Tools for Neuroethology. XII International
Congress of Neuroethology. Montevideo, Uruguay.
Gering E. Evolution through the lens of a tourist camera. International Society for
Behavioral Ecology. Exeter, UK.
Gering E. Evolution through the lens of a tourist camera: Social media enables remotesensing of Gallus gallus genotypes, phenotypes, and demography. Society for the Study
of Evolution. Austin, TX.
Gomez J; Card KJ; Mulka J; Lenski RE. Evolution of antibiotic resistance in a long-term
experiment with Escherichia coli. Drew Scholars Expo 2016. East Lansing, MI.
Hillesland KL. Testing for a tradeoff between respiration and interspecific fermentation.
EVO-WIBO 2016. Port Townsend, WA.
Hillesland KL; Gough H. Looking for Evolution in Wastewater Treatment Plants. EVOWIBO 2016. Port Townsend, WA.
Hope E. Using Experimental Evolution to Engineer a Low Flocculation Yeast Strain.
Synberc Retreat. Berkeley, CA.
Jordt H; Estrela S: Loftie-Eaton W; Top EM; Kerr B. Use it AND lose it: Alternating
selection promotes horizontal gene transfer. Evo WIBO 2016. Port Townsend, WA.
Kohler B; Stalder T; Hunter S; Liachko I; Dunham M; Top EM. Using Hi-C to Cluster
Bacterial Metagenomic Data. BEACON Congress 2016. East Lansing, MI.
Kohler B; Stalder T; Hunter S; Liachko I; Dunham M; Top EM. Using Hi-C to identify
carriers of antibiotic resistance. International Society for Plasmid Biology 2016.
Cambridge, UK.
Kohler B; Stalder T; Hunter S; Liachko I; Dunham M; Top EM. Using Hi-C to Identify
Carriers of Antibiotic Resistance. International Society for Plasmid Biology 2016.
Cambridge, UK.
Kohler B; Stalder T; Hunter S; Mirabzedah C; Liachko I; Dunham M; Top EM. Using
Hi-C to Cluster Bacterial Metagenomic Data. BEACON Congress. East Lansing, MI.
Kohler B; Stalder T; Hunter S; Mirabzedah C; Liachko I; Dunham M; Top EM. Using
Hi-C to Cluster Bacterial Metagenomic Data. Inland Northwest Genomics. Moscow, ID.
Kohler B; Stalder T; Hunter S; Mirabzedah C; Liachko I; Dunham M; Top EM. Using
Hi-C to Cluster Bacterial Metagenomic Data. Inland Northwest Genomics Research
Symposium. Moscow, ID.
LaBar T; Adami C. Experimental Evolution of Drift Robustness in Digital Organisms.
The Allied Genetics Conference. Orlando, FL.
Lalejini AM; Ofria C. The Evolutionary Origins of Phenotypic Plasticity. 2016
Engineering Graduate Research Symposium. East Lansing, MI.
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34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.

Lee J; Kim H-S; Dufour YS. Quorum Sensing-Mediated Regulation of Phenotypic
Diversity in Swimming Behaviors of Vibrio cholerae. Midwest Microbial Pathogenesis
Conference. Urbana-Champaign, IL.
Litchman E. Rapid adaptation to high temperature in marine diatoms reveals a growth
rate-competitive ability trade-off and increases extreme temperature tolerance. ASM
Microbial Experimental Evolution. Washington, DC.
Loftie-Eaton W; Top EM; Estrela S; Kerr B; Jordt H. Use it AND lose it: Alternating
selection promotes horizontal gene transfer. BEACON Congress 2016. East Lansing, MI.
Losilla M; Gallant JR. The transcriptional basis of divergent electric organ discharges in
Paramormyrops electric fish. XII International Congress of Neuroethology. Montevideo,
Uruguay.
Luttrell SM; Gotting K; Ross E; Alvarado AS; Swalla BJ. Genetic insights into CNS
regeneration in the deuterostomes. The 49th Annual Northwest Developmental Biology
Conference. Friday Harbor Laboratories, Friday Harbor, WA.
Luttrell SM; Su Y-H; Swalla BJ. Getting to the Stem of Ptychodera flava Regeneration.
Summer Institute in Taiwan Conference. National Tsing Hua University, Hsinchu City,
Taiwan.
Matthews D; Schwartz KL; Symons C; Mead LS; Stroupe D; Suwa T; Haas K. A
learning laboratory for pre-service teachers to understand and teach 'evolution in action'.
CREATE Mini-Conference. East Lansing, MI.
Mead LS; Clark T; Berger S; Wilson Sayres MA. Exploring the Genetics of Precocious
Puberty. Biochemistry and Molecular Biology Research Presentation. East Lansing, MI.
Mead LS; Clark T; Berger S; Wilson Sayres MA. Alphabet Soup: A Primer for
Population Genomics. Evolution 2016. Austin, TX.
Mead LS; Clark T; Berger S; Wilson Sayres MA. Alphabet Soup: A Primer for
Population Genomics. International Society for Evolution, Medicine, and Public Health
Conference 2016. Durham, NC.
Mead LS; Schultheis EH; Kjelvik M; Warwick A. Scientific Data in Schools: Measuring
the efficacy of an innovative approach to integrating quantitative reasoning in secondary
science. NSF DRK-12 PI Meeting.
Miller C; Johnson E; Burke A; Martin K; Miura TA; Wichman H; Celeste Brown;
Ytreberg FM. Biophysical Implications of Ebola Virus Evolution. Biophysical Society
Annual Meeting.
Mirabzadeh C; Burke A; Quates C; Brown C; Miller C; Johnson E; Wichman H; Martin
K; Miura TA; Ytreberg FM. The effect of Ebola glycoprotein evolution on protein
flexibility. Biophysical Society Annual Meeting.
Morrow AL; Lundrigan B; Smale L. Perfect timing: the coevolution of the sensory brain
and temporal niche in rodents. American Society of Mammalogists. Minneapolis, MN.
Morrow AL; Smale L; Lundrigan B. Perfect Timing: the coevolution of the sensory brain
and temporal niche in rodents. American Society of Mammalogists. Minneapolis, MN.
Rojas CA; Theis KR; Holekamp KE. The scent pouch microbiome of juvenile spotted
hyenas is age and body site specific. Animal Behavior Society Annual Meeting.
Columbia, MO.
Stalder T; Kohler B; Cornwell B; Lacroix J; Yano H; Kerr B; Forney L; Top EM.
Biofilm growth affects the coevolutionary trajectories of a plasmid-host pair. BEACON
Congress. East Lansing, MI.
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51.
52.
53.
54.
55.
56.
57.

Stalder T; Kohler B; Cornwell B; Lacroix J; Yano H; Kerr B; Forney L; Top EM. Slow
and Steady Wins the Race: Adaptation of a plasmid in a biofilm. International Society for
Plasmid Biology 2016. Cambridge, UK.
van Raay K; Nahum JR; Kerr B. A one-two punch: combining multiple killing systems
within a single cell by going “pro”. ASM Experimental Microbial Evolution.
Washington, DC.
Wallace K; Etheredge RI; Armstrong M; Cummings M. Stress and cognition: an
improvement on a new learning assay. Animal Behavior. Columbia, MO.
Wallace K; Etheredge RI; Armstrong M; Cummings M. Stress and cognition: an
improvement on a new learning assay. BEACON Congress. East Lansing, MI.
Wallace K; Etheredge RI; Armstrong M; Cummings M. Stress and cognition: an
improvement on a new learning assay. Evolution 2016. Austin, TX.
Warwick A; Mead LS. Outreach opportunities through BEACON. BEACON Congress
2016. East Lansing, MI.
Young R; Goldsby H; Hintze A; Hofmann HA. Testing the Hourglass Model in vivo and
in silico. Evolution. Austin, TX.

1c. Other Dissemination Activities
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Adami C. Evolution of drug resistance in HIV protease from an information-theoretic
view. Institute Seminar. Helmholtz Center for Infectious Diseases, Braunschweig,
Germany.
Adami C. The Price equation: What is it, and what is it good for? BEACON Seminar.
Michigan State University, East Lansing, MI.
Adami C. Biosignatures for alien life detection. NASA Workshop: Probabilistic
frameworks for recognizing complex molecules as biosignatures. National Harbor, MD.
Adami C; Gupta A. Evolution of drug resistance in HIV protease from an informationtheoretic view. BEACON Seminar. Michigan State University, East Lansing, MI.
Adami C; Tehrani-Saleh A. Evolution of attentional entrainment. BEACON Seminar.
Michigan State University, East Lansing, MI.
Boughman J. Speciation by natural and sexual selection. Toronto, Canada.
Boughman J. Sexual selection and the dynamic process of speciation. Distinguished
speaker. University of Wyoming.
Brown Clarke J. Intersecting Science and Post-Athletic Careers. 2016 International
Women's Leadership Conference. Chicago, IL.
Bundy JN. No I Didn't Read That Paper: The Role of Multimedia in Scientific
Storytelling. BEACON Congress. Michigan State University, East Lansing, MI.
Cavalieri CN. The timing of skull maturity and life history schedules in the Order
Carnivora. Ecology, Evolutionary Biology and Behavior Program Colloquium. Michigan
State University, East Lansing, MI.
Connelly B. Even Evolution Gets the Blues. Biology Department Seminar, Postdoc
Symposium. University of Washington, Seattle, WA.
Di Stilio VS; Morioka K. Developmental Studies in Non-traditional Model Organisms.
Developmental Biology Training Program Seminar Series. University of Oregon,
Eugene, OR.
Dunham M. Aneuploidy and Adaptation in Yeast. University of Puget Sound.
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14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Fodor ACA. Bilaterian Evolution. Marine Biology. Friday Harbor Laboratories,
University of Washington, Friday Harbor, WA.
Fodor ACA. Metazoan Evolution. Marine Biology. Friday Harbor Laboratories,
University of Washington, Friday Harbor, WA.
Fodor ACA. Larval Diversity. Marine Biology. Friday Harbor Laboratories, University of
Washington, Friday Harbor, WA.
Fodor ACA; Brown CT; Lowe EK; Swalla BJ. The Evolutionary Mechanisms
Underlying Tail Loss in Molgulid Ascidians. BEACON Seminar. Friday Harbor
Laboratories, University of Washington, Friday Harbor, WA.
Foster JA. Combining bacterial fingerprints: A new algorithm. Pacific Symposium on
Biocomputing. Kohala, HI.
Foster JA. Combining bacterial fingerprints: A new algorithm. Medical School,
University of Hawaii, Honolulu, HI.
Gering E. Rapid adaptation to feral selection pressures in hybrid Gallus gallus. Center for
Ecological Sciences seminar (Indian Institute of Science) 2016. Bengaluru, India.
Gering E. Consequences of sexual selection for feral and invasive species. Central
Michigan University, Mt. Pleasant, MI.
Gering E. Purdue University Ecology and Evolutionary Biology seminar. Lafayette, IN.
Gering E. Rapid life history evolution in feral Gallus gallus. departmental seminar.
University of Windsor.
Goodman ED. Writing about Broader Impacts in NSF Proposals. Panel, Broader Impacts
Workshop, Univ. Outreach & Engagement. Michigan State University, East Lansing, MI.
Holekamp KE. The evolution of intelligence in mammalian carnivores. University of
Zurich, Switzerland.
Keagy J. Studying Cognitive Evolution Using Speciating Sticklebacks. Biology Seminar
Series. Bradley University.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution in a Long-Term Experiment
with E. coli. Harvard University.
Lenski RE. Time Travel in Experimental Evolution. Public Lecture. Oregon State
University.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution in a 60,000 Generation
Experiment with E. coli. Oregon State University.
Lenski RE. Time Travel in Experimental Evolution. Public Lecture. Pennsylvania State
University.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution in a 60,000 Generation
Experiment with E. coli. Pennsylvania State University.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution in a 60,000 Generation
Experiment with E. coli. University of California at Irvine, CA.
Lenski RE. Time Travel in Experimental Evolution. Darwin Day Public Lecture.
University of Oslo, Norway.
Lenski RE. Dynamics of Phenotypic and Genomic Evolution in a 60,000 Generation
Experiment with E. coli. University of Oslo, Norway.
Lenski RE. Time Travel in Experimental Evolution. Frontiers of Science Public Lecture.
University of Utah.
Lenski RE. Time Travel in Experimental Evolution. Distinguished Speaker in the Life
Sciences. University of Wisconsin at La Crosse, WI.
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37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.

Luttrell SM; Swalla BJ. Getting A Head with Ptychodera flava Regeneration. BEACON
Seminar. Friday Harbor Laboratories, University of Washington, Friday Harbor, WA.
Luttrell SM; Swalla BJ. Getting A Head with Ptychodera flava Regeneration. Friday
Harbor Laboratories Weekly Seminar. Friday Harbor Laboratories, University of
Washington, Friday Harbor, WA.
Mead LS. Teaching Evolution. University of Wisconsin, Madison, WI.
Mead LS; Abbot P. The Avida-ED Challenge: Assessing student learning gains after
inquiry exercises with digital organisms. University of Wisconsin, Madison, WI.
Miikkulainen R. Evolving Neural Networks. IEEE CIS Distinguished Lecture. Bogota,
Colombia.
Miikkulainen R. Evolving Neural Networks. IEEE CIS Distinguished Lecture. Las
Vegas, NV.
Ofria C. The Evolution of Biological Complexity. University of Michigan, Ann Arbor,
MI.
Ofria C. Introduction to Digitial Evolution. University of Missouri, St. Louis, MO.
Pennock RT. Virtue in Science. Red Cedar Friends Meeting. Lansing, MI
Pennock RT. What are the Values of Exemplary Scientists? HPS Student Association.
Michigan State University, East Lansing, MI.
Pennock RT. The Curious Character of the Scientist: Preliminary Results of a National
Study of the Scientific Virtues. Notre Dame University, South Bend, IN.
Rawal A; Miikkulainen R. Evolving Memory Agents. 15th Neural Computation and
Psychology Workshop on Contemporary Neural Networks. Philadelphia, PA.
Ribeck N. Predicting the Speed of Microbial Adaptation. invited talk, MCDB symposium
at Yale University. New Haven, CT.
Schultheis EH; Kjelvik M. Data Nuggets: Bringing authentic research and data into the
classroom to unearth students’ quantitative and inquiry skills. NY Master Teacher
Professional Development Workshop. Albany, NY.
Smythe WF. Biomineralization In Manganese Depositing Hot Springs. Environmental
Science, Michigan State University, East Lansing, MI.
Smythe WF. Alaska Native Education: Reaching STEMs 0.1% Through Community
Research. BEACON Seminar. East Lansing, MI.
Smythe WF. Biomineralization In Manganese Depositing Hot Springs Yellowstone
National Park. East Lansing, MI.
Smythe WF. Biomineralization In Manganese Depositing Hot Springs: Getting DNA
from Rocks. East Lansing, MI.
Stenkamp D. Seeing double: Regulation of expression of tandemly-duplicated cone opsin
genes in the zebrafish. SUNY Upstate Medical University Neuroscience seminar
Stenkamp D. Seeing double: Regulation of expression of tandemly-duplicated cone opsin
genes in the zebrafish. University of Alberta Biological Sciences seminar
Stenkamp D. Seeing double: Regulation of expression of tandemly-duplicated cone opsin
genes in the zebrafish. Wilmer Eye Institute seminar, Johns Hopkins Medical Institutions
Vince Cruz CCE. Muddled mud crabs? The challenges of studying ambiguous sex
phenotypes in agricultural species. Scientific research at an intersection of biology &
social stigma. Western Washington University.
Warwick A. Jumping frog, hidden history: understanding species distributions using the
Pine Barrens Treefrog. BEACON Seminar. Michigan State University, East Lansing, MI.
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60.
61.
62.
63.
64.
65.
66.

Waters CM. Cyclic di-GMP: A regulatory maestro that orchestrates Vibrio cholerae
environmental adaptation. Indiana University, Bloomington, IN.
Waters CM. Cyclic di-GMP: A regulatory maestro that orchestrates Vibrio cholerae
environmental adaptation. National Institutes of Health.
Waters CM. Cyclic di-GMP: A regulatory maestro that orchestrates Vibrio cholerae
environmental adaptation. University of Maryland Department of Microbiology.
Waters CM. A MICaBers journey: From understanding cyclic di-GMP control of
bacterial adaptation to developing cyclic di-GMP-based vaccine adjuvants. University of
Minnesota, Minneapolis, MN.
Wichman H. Putting the 'Team' in Team Science. School of Molecular Biosciences
Annual Retreat. Washington State University.
Wilke C. Structural and functional constraints on protein evolution. Fred Hutchinson
Cancer Center, University of Washington.
Ytreberg FM. Initiating a Watch List for Ebola Virus Antibody Escape Mutations.

2. Awards and Honors
1

Recipient
James Bull

2

Alita Burmeister

3

Alita Burmeister

4

Alita Burmeister

5

Cybil Nicole Cavalieri

6

Maitreya Dunham

7

James Arthur Foster

8
9

Colleen Friel
Alexander Charles
Andrew Fodor

10

Rayna M Harris

11

Rayna M Harris
Kristina Linnea
Hillesland
Kay E. Holekamp

12
13

Award Name and Sponsor
Elected to National Academy of Sciences
Michigan State University Doctoral
Dissertation Completion Fellowship, MSU
College of Natural Science
NSF Graduate Research Opportunities
Worldwide
MSU Department of Microbiology &
Molecular Genetics Rudolf Hugh
Scholarship
John R. Shaver Research Fellowships for
Graduate Students, Michigan State
University Department of Integrative
Biology
Howard Hughes Medical Institute Faculty
Scholar
University Distinguished Professor,
University of Idaho
Michigan State University College of Natural
Sciences Dissertation Continuation
Fellowship
Lambert Fellowship, Friday Harbor
Laboratories
University Graduate Continuing Fellowship,
The Graduate School, The University of
Texas at Austin
William S. Livingston Outstanding Graduate
Student Academic Employee Award, The
Graduate School, The University of Texas at
Austin
University of Washington Undergraduate
Research Mentor Award
Honorary Membership, American Society of
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Date
2016

Award Type
Scientific

2016

Fellowship

2016

Scientific

2016

Fellowship

2016

Fellowship

2016

Scientific

2016

Other

2016

Fellowship

2016

Fellowship

2016

Fellowship

2016
2016
2016

EducationRelated
EducationRelated
Scientific
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Mammalogists

17

Alexander Michael
Lalejini
Rohan Maddamsetti;
Richard Lenski; Jeffrey
E Barrick
Steven Kevin
McCormick
Steven Kevin
McCormick

19

Charles Ofria

20

Connie A. Rojas

21

Connie A. Rojas

22

Connie A. Rojas

23

Connie A. Rojas

24

Eva M Top

25

Katrina van Raay

14
15
16

Best Student Paper, ALife 2016
Centennial Award for outstanding article
published in Genetics in 2015, Genetics
Society of America
EEBB Summer Fellowship, MSU: Ecology,
Evolutionary Biology, and Behavior Program
ABS Student Research Fellowship, Animal
Behavior Society
Withrow Distinguished Scholar Award,
Michigan State University, College of
Engineering
EEBB Summer Fellowship, MSU: Ecology,
Evolutionary Biology, and Behavior Program
Animal Behavior Society Diversity Travel
Award
Great Minds in STEM: HENAAC
Scholarship, The Chrysler Foundation
Ford Foundation Predoctoral Fellowship,
The National Academies of Sciences,
Engineering, and Medicine
Donald Crawford Graduate Faculty
Mentoring Award, University of Idaho,
College of Graduate Studies
Cell and Molecular Biology Training Grant,
NIH

2016

Scientific

2016

Scientific

2016

Fellowship

2016

Fellowship

2016

Other

2016

Fellowship

2016
2016

Scientific
IndustryRelated

2015

Fellowship

2016

EducationRelated

2016

Fellowship

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

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Student Name
Jennifer Owen
Eric Bruger
Chad Byers
Octavio Campos
Michael Hammerling
Sam Lancaster
Rohan Maddamsetti
Aaron Miller
Padmini Rajagopalan
Brian Renda
Benjamin Roller
Catherine Shine
Emily Grace Weigel
Michael Wiser
Qingpeng Zhang
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Degree
M.S.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.
Ph.D.

Years to
Degree
3
6
7
6
6
6
7
6
7
6
7
5
5 1/2
7
7

Placement
Unknown
Postdoc, University of Idaho
Instructor, Michigan State University
Unknown
Postdoc, Northwestern
Postdoc, Stanford
Postdoc, Harvard Medical School
Zymergen
Unknown
Ginkgo Bioworks
Postdoc, ETH Zurich
Unknown
Faculty, Georgia Tech
Postdoc, Michigan State University
Postdoc, DOE Joint Genome Institute,
Lawrence Berkeley National
Laboratory
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4a. General outputs of knowledge transfer activities
None to report

4b. Other outputs of knowledge transfer activities
None to report
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6. Summary listing of all the Center’s research, education, knowledge and
other institutional partners
Organization
Name

Organization
Type

Ford Motor
Company
Metron

Company

3

Continental
Automotive GmbH

Company

4
5

BAE Systems
General Motors

Company
Company

6

Dow Chemical
Company
Secure Designs,
Inc.
Siemens
Hyundai MOBIS
Sentient
Technologies, Inc.
NASA

Company

University of
Texas Rio Grande
Valley
Yale University

Other
(Academic)

14

1
2

7
8
9
10

Company

Company
Company
Company
Company

Address

Contact
Name

1818 Library Street, Suite 600
Reston, VA 20190
Vahrenwalder Straße 9
30165 Hanover
Germany
PO Box 33170
Detroit, MI 48232-5170
S Saginaw Rd, Midland, MI
48640
301 N Elm St #201,
Greensboro, NC 27401

Type of
Partner
KT

160
hours/
more?
N

KT

N

KT

N

KT
KT

N
N

KT

N

KT

N

KT
KT
KT

N
N
Y

KT

N

Y

One California St., Suite 2300
San Francisco, CA 94111
Public Communications Office
NASA Headquarters
Suite 5K39
Washington, DC 20546-000
1201 West University Dr.
Edinburg, TX 78539

Laura
Grabowski

Other
(Academic)

New Haven, CT 06520

Paul Turner

University of
California, Irvine

Other
(Academic)

Irvine, CA 92697

Adriana
Briscoe

15

Spelman College

Other
(Academic)

350 Spelman Ln
Atlanta, GA 30314

Aditi Pai

16

SESYNC

Other

Mary
Shelley

17

iPlant

Other

Stephen
Goff

Research,
Education

N

18

iDigBio

Other

National
Association of
Biology Teachers
Data Carpentry

Other

Research,
Education
Education

N

19

1 Park Place
Suite 300
Annapolis, MD 21401
Thomas W. Keating Building
1657 East Helen Street
Tucson, Az 85721
105 NW 16th Street
Gainesville, FL 32611
1313 Dolley Madison Blvd,
Suite 402, McLean, VA 22101

Research,
Education,
Diversity
Research,
Education,
Diversity
Research,
Education,
Diversity
Research,
Education,
Diversity
Research,
Education

Education

Y

11

12
13

20

Federal Agency

Other
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Y
Y
Y
Y

N

21
22

Biological Sciences
Curriculum Study
(BSCS)
Concord
Consortium

Other

Education

Y

Other

Education

Y

7. Summary table
1

2

3

4

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.
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)
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
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)
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9

18

$834,030

352
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8. Media publicity
Press Releases
•
•
•
•
•
•
•

8/2/2016: University of Texas: Bacteria show capacity for rapid, beneficial mutations
http://news.utexas.edu/2016/08/02/bacteria-show-capacity-for-rapid-beneficial-mutations
5/30/2016: North Carolina A&T: University partners with BEACON Center for STE(A)M
project http://www.ncat.edu/news/2016/05/beacon-project.html
5/12/2016: University of Idaho: Researchers examine evolution with National Science
Foundation support http://www.uidaho.edu/news/news-articles/news-releases/2016may/051216-beacongrants
3/29/2016: North Carolina A&T State University tests cybersecurity tool at North Carolina's
Innovation Center http://it.nc.gov/press-release/north-carolina-state-university-testscybersecurity-tool-north-carolina%E2%80%99s-innovation
2/14/2016: What values are important to scientists?
http://msutoday.msu.edu/news/2016/what-values-are-important-to-scientists/
1/27/2016: New finding shows that males can drive creation of new species
http://msutoday.msu.edu/news/2016/new-finding-shows-that-males-can-drive-creation-ofnew-species/
1/25/2016: Larger (Relative) Brains = Higher IQ http://msutoday.msu.edu/news/2016/largerrelative-brains-higher-iq/
Media Coverage

•
•
•
•

•
•
•

10/13/2016: ScienceNews Network Radio: The Promise of Tomorrow: Evolution of Neural
Networks http://www.metrocon.org/2016/program-and-schedule/
9/1/2016: Intergalactic Medicine Show: Spelunking the Noosphere
http://www.intergalacticmedicineshow.com/cgibin/mag.cgi?do=columns&amp;vol=randall_hayes&amp;article=009
8/8/2016: Stanford Scope: Analysis of bacteria spanning 50,000 generations offers new
insights on evolution http://scopeblog.stanford.edu/2016/08/08/analysis-of-bacteriaspanning-50000-generations-offers-new-insights-on-evolution/
7/13/2016: Anole Annals: MIH 2016: Genetic evidence of hybridization between the native
green anole (Anolis carolinensis) and the invasive Cuban green anole (A. porcatus)
http://www.anoleannals.org/2016/07/13/jmih-2016-genetic-evidence-of-hybridizationbetween-the-native-green-anole-anolis-carolinensis-and-the-invasive-cuban-green-anole-aporcatus/
7/11/2016: Anole Annals: JMIH 2016: Variation in limb length across lizard groups
http://www.anoleannals.org/2016/07/11/jmih-2016-variation-in-limb-length-across-lizardgroups/
6/29/2016: Science Magazine: Bacteria give bird its sexy smells
http://www.sciencemag.org/news/2016/06/bacteria-give-bird-its-sexy-smells
6/15/2016: MSU 360 Perspective: Travis Hagey: Measuring maximum animal performance
http://msutoday.msu.edu/360/2016/travis-hagey-measuring-maximum-animal-performance/
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•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

5/30/2016: Evolution Institute: Evolutionary biology's master craftsman: An interview with
Richard Lenski https://evolution-institute.org/article/evolutionary-biologys-mastercraftsman-an-interview-with-richard-lenski/
5/25/2016: Anole Annals: Temporal variation in structural microhabitat use of Phelsuma
geckos in Mauritius http://www.anoleannals.org/2016/05/25/temporal-variation-instructural-microhabitat-use-of-phelsuma-geckos-in-mauritius/
4/27/2016: Inside Higher Ed: Fighting cancer with nanomachines
https://www.insidehighered.com/audio/2016/04/27/fighting-cancer-nanomachines
4/16/2016: Reddit Science AMA Series: I’m Travis Hagey, a Postdoctoral Fellow at
Michigan State University studying the sticky toes of gecko lizards. Ask Me Anything!
https://www.reddit.com/r/science/comments/4f1kib/science_ama_series_im_travis_hagey_a_
postdoctoral/
4/6/2016: MSU Today: Lazarius Miller: A mission to be myself
http://msutoday.msu.edu/360/2016/lazarius-miller-a-mission-to-be-myself/
4/6/2016: Nature Jobs: Character traits: Scientific Virtues
http://www.nature.com/naturejobs/science/articles/10.1038/nj7597-139a
2/23/2016: The Scientist: Similar Data, Different Conclusions http://www.thescientist.com/?articles.view/articleNo/45423/title/Similar-Data--Different-Conclusions/
2/22/2016: Chemical & Engineering News: Top scientists share values
http://cen.acs.org/articles/94/i8/Top-Scientists-Share-Values.html?type=paidArticleContent
2/19/2016: Absolutely Maybe (PLoS Blogs): CRISPR, priority and credit: do we need to edit
Science's DNA? http://blogs.plos.org/absolutely-maybe/2016/02/19/crispr-priority-andcredit-do-we-need-to-edit-sciences-dna/
2/16/2016: ECN Magazine: What values are important to scientists?
https://www.ecnmag.com/news/2016/02/what-values-are-important-scientists
2/16/2016: The Hook: Artificial Evolution http://thehook.texasexes.org/artificial-evolution/
2/15/2016: Science Newsline: What values are important to scientists?
http://www.sciencenewsline.com/news/2016021511380019.html
2/14/2016: Phys.Org: What values are important to scientists? http://phys.org/news/2016-02values-important-scientists.html
2/14/2016: Science 2.0: What makes a true scientist?
http://www.science20.com/news_articles/what_makes_a_true_scientist-165758
2/11/2016: O'Reilly Radar Podcast: Risto Miikkulainen on evolutionary computation and
making robots think for themselves https://www.oreilly.com/ideas/risto-miikkulainen-onevolutionary-computation-and-making-robots-think-for-themselves
2/9/2016: Faculty Voice: Robert Pennock: Defending scientific integrity
http://msutoday.msu.edu/360/2016/robert-pennock-defending-scientific-integrity/
2/1/2016: Chicken Planet (French television documentary) http://www.saint-thomas.net/ukprogram-72-chicken-planet.html
1/29/2016: Tech Times: When it comes to intelligence, brain size matters
http://www.techtimes.com/articles/128933/20160129/when-it-comes-to-intelligence-brainsize-matters-study.htm
1/28/2016: NSF Discovery: Do bigger brains make smarter carnivores?
http://www.nsf.gov/discoveries/disc_summ.jsp?cntn_id=137377&amp;org=NSF
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•
•
•
•
•

1/25/2016: New Scientist: Watch brainy zoo animals figure out a box puzzle to get at food
https://www.newscientist.com/article/2075151-watch-brainy-zoo-animals-figure-out-a-boxpuzzle-to-get-at-food/
1/25/2016: Scientific American: Animals with big brains are better at problem solving
http://blogs.scientificamerican.com/observations/animals-with-big-brains-are-better-atproblem-solving-video/
1/25/2016: New York Times: Some carnivores are better than others at unlocking dinner
http://www.nytimes.com/2016/01/26/science/some-carnivores-are-better-than-others-atunlocking-dinner.html?_r=0
1/22/2016: Nature News and Views: When chickens go wild
http://www.nature.com/news/when-chickens-go-wild-1.19195
1/21/2016: Nature podcast: When chickens go wild
http://www.nature.com/nature/podcast/v529/n7586/nature-2016-01-21.html
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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.
It also facilitates maintenance of the field infrastructure needed to continue Holekamp’s very
successful NSF-funded international REU training program for American undergraduates in
Kenya. Current BEACON support is permitting a new collaboration that will help to advance the
career of an impressive young Ethiopian scientist, Dr. Gidey Yirga. Finally, BEACON support
allows Holekamp’s group to continue working closely with film and print media in the USA and
abroad. For example, they recently hosted author Sy Montgomery and photographer Nic Bishop
at their Kenyan field camp for several weeks, helping them to produce an illustrated book for
5th-8th graders, featuring Dr. Holekamp and her long-term work with spotted hyenas entitled
"The Hyena Scientist" as part of their Scientists in the Field series.
Asia: Two faculty members from China (Professor Lihong Xu, Tongji University and Meng
Yao, East China Normal University) visited BEACON for extended periods in 2015-16, each
funded primarily by the visitor's host institution or a grant from their government. During the
reporting period, Prof. Xu's student (Leilei Cao) spent time as a visiting scholar in BEACON,
working with Goodman on developing a new algorithm for dynamic optimization problems. The
project in which they are involved is the Greenhouse Control project. Goodman and Erik Runkle
(MSU) and grad student José Llera visited China in November, 2015 and will visit again in
November, 2016, to continue that collaboration with the project’s many members in China. Prof.
Xu is expecting to make an experimental greenhouse at Tongji University’s Jiading Campus
available to the team for testing of their evolved control algorithm.
To facilitate continuation of the extensive collaboration going on between Goodman and
Prof. Zhun Fan (Shantou University) and his colleagues in the newly established Guangdong
Provincial Key Laboratory of Digital Signal and Image Processing of Shantou University,
BEACON signed a five-year agreement establishing the International Joint Research Center for
Evolutionary Intelligence and Engineering Applications, dated July 25, 2014. Both in-person
visits and videoconferences will be employed to further the collaboration. Goodman is again
visiting Shantou University in November, 2016, and will meet with Joint Research Center
faculty also in Guangzhou and Foshan. Prof. Hailin Liu, Guangdong University of Techology, a
collaborator on the project, was a visiting scholar at BEACON from May, 2015 through June,
2016, and has returned to continue that visit in October, 2016. Several papers have already
resulted from this collaboration, and additional publications are in preparation.
Europe: Lenski has a long-standing collaboration with researchers in Grenoble and Paris,
France, to examine the molecular basis of adaptation in the long-term evolution experiment with
E. coli, which resulted in a recent article in Nature (Tenaillon et al, 2016) that was supported, in
part, by BEACON. This collaboration also led to a small grant from the French CNRS to
facilitate international exchanges between the participating teams, including work on artificial
evolving systems that involves Ofria as well.
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James Foster has represented BEACON at EvoStar each year. EvoStar is a consortia of
conferences on evolutionary computation and the prime venue for European EC reseach. Foster
is on the executive committee for EuroGP, and was the chair of the Executive Committee for
EvoBio—two of those conferences. In July, Foster and Bert Baumbaertner presented the results
of a BEACON funded project on the evolution of language at the University of Edinburgh. There
were attendants from the Philosophy, Linguistics, and Computer Science departments as well as
two visiting international scholars.
Ongoing work on using multi-objective evolutionary optimization for solution of land use
problems is continuing, with Jonas Schwaab having worked at BEACON as a visiting scholar
from ETH Zürich from October, 2015 through August, 2016. He will continue to collaborate
with Deb and Goodman and their graduate students on this work. The first publication has been
submitted and others are planned for the near future.
Kalyanmoy Deb is also working with international collaborators in Denmark, Germany, and
Sweden for the project “IN SPE: Innovation consortium for sustainable performance in
electronics,” funded by the Danish Agency for Science, Technology and Innovation, and
described in the Knowledge Transfer section of this report.
North America: Deb and Goodman also collaborated with a visiting faculty member on
sabbatical from CINVESTAV (Mexico City), Prof. Gregorio Toscano, on techniques for
visualization of results from many-objective optimization. A review paper surveying existing
techniques has been prepared for publication, and work continues on papers describing new
methods jointly developed during Toscano’s visit.
Shahryar Rahnamayan (University of Ontario Institute of Technology, Canada) visited MSU
on a grant from his own university to work with Deb on evolutionary dynamic optimization,
parallel evolutionary methods, visualization and opposition-based optimization methods, from
August 2014 to July 2016.
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)
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