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“Is this BioQUEST Software?”
Innovation, Creativity and the
BioQUEST Curriculum Consortium
Robin Greenler and Virginia Vaughan

How can BioQUEST gauge its impact? What are the fruits of our labors? As a consortium, one of
our main goals is to support one another as curriculum innovators, both by creating opportunities for
individuals to share and distribute their innovations in biology teaching, and by finding ways to
evaluate the quality and potential of those innovations. Evaluating the transformative potential of an
innovative teaching approach can be difficult. We believe that the best people to evaluate these
teaching strategies are the curriculum developers and adopters themselves. This focus on encouraging peer review evaluation along with our support of curriculum innovators from many differSoftware Featured in this Issue
ent institutions has led to the creation of strong
teaching tools, resources and strategies. Of
A new version of
course, by design, these products do not necesBioQUEST’s popular
sarily come from, nor belong to, BioQUEST.
population genetics
The fruits of our labors are a messy mix of
EVOLVE
simulation
tangibles and intangibles that have lives and
trajectories of their own.
One of our most tangible products has been the
software that we publish and/or support.
BioQUEST’s first product was the collection of
18 modules, most of them software, that were
included in the first edition of the BioQUEST
Library. Since then the Library collection has
grown to over 70 modules, most of which were
developed by educators not directly affiliated
with BioQUEST. Not only has the collection

An interactive, simulated
laboratory environment for
teaching neurophysiology

A cross-platform, abridged version
of BioQUEST’s Mendelian genetic
simulation, GCK.

continued on page 3
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Evolutionary Bioinformatics:
A BEDROCK Book
in the Works
BioQUEST staff are working on a new book,
Evolutionary Bioinformatics: Making Biological
Meaning of Molecular Messages. The development of this book is in response to a common
concern voiced to BEDROCK staff as they
present bioinformatics workshops nationally.
College and university faculty want to help
students understand how the use of basic bioinformatics tools, like multiple sequence alignment
and phylogenetic tree construction, relies on an
understanding of evolutionary processes.

followed by several concrete lab activities relating
to that section. Sections currently envisioned include Molecules as Documents of Evolutionary
History; Phylogeography and Topocladistics;
Molecular Clocks and Chronocladistics; Molecular
Genealogy and Patrocladitics; Homology; and
Forces of Microevolution.

The format of Evolutionary Bioinformatics will
be based on BioQUEST’s previous publication,
Microbes Count! in that it will be primarily an
activity book containing approximately a dozen
sections each with a conceptual introduction

Researchers employing the analysis of molecular
data to address biological problems are invited to
talk to John Jungck or Sam Donovan to see if their
work might fit into this text.

While editors John Jungck, Sam Donovan, and
managing editor Tia Johnson will oversee the
development of the text, the vision is that of a
widely distributed authorship with biological
The book will address the relationships between problems drawn from a very broad range of discievolutionary theory and the analysis of molecular plines. Already seven authors are contributing
activities including West Nile Virus; HIV; Prions
sequence and structure data. It will not attempt
and protein structure explorations; 3D molecular
comprehensive coverage of the current state of
visualization of Trp Cage; the phylogeography of
bioinformatics. Rather it will focus on several
ways that the analysis of molecular data is being invasive Tamarix; Chimpanzee conservation;
Whippo and related phylogenetic questions; and the
applied to solve current biological problems in
areas such as medicine, agriculture, conservation, ABC System in plant floral development. Approximately 30-40 activities are envisioned.
and human evolution.

BioQUEST
Consortium News
Alan Kay recently received the 2003 Turing
Award by the Association for Computing Machinery (ACM). The award, considered the
“Nobel Prize for Computing” was given in
recognition of his leadership of the team that

invented Smalltalk, the first dynamic, objectoriented programming language. Earlier this
spring, Kay was co-recipient of the National
Academy of Engineering Charles Draper Prize,
considered the Nobel Prize of Engineering, for
continued on next page
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Announcements

from previous page

the “vision, conception, and development of the
principles for, and their effective integration in,
the world's first practical networked personal
computers."
Claudia Neuhauser was among six University
of Minnesota faculty to receive the 2004 Horace
T. Morse-University of Minnesota Alumni
Award for Outstanding Contributions to Undergraduate Education.
John Jungck recently received the 2004 AIBS

Education Award, presented annually to individuals who have made significant contributions
to education in the biological sciences. The
College of Biological Sciences at the University
of Minnesota also awarded John an honorary
doctorate during their spring commencement.
And, on a more personal note, congratulations to
BioQUEST’s Tia Johnson and Mark Walton on
the birth of their baby boy, Isaac Patrick
Johnson, born March 6, 2004. All are healthy
and doing well.

BioQUEST and Software

from page 1

grown, but many of the pieces have changed over the years as they are adapted to fit the needs of
educators. The software is not immutable. Its principal power is in its evolution— the innovation,
adaptation and adoption in the hands of creative users and developers.
In this issue, we highlight three pieces of software, each of which has developed along its own path.
Each of these simulations strives to guide students to create an understanding driven by their own
curiosity and exploration.
EVOLVE, a familiar BioQUEST population genetics simulation, authored by Frank Price and
Virginia Vaughan, is being completely updated by Chiro Umezaki in collaboration with Anton
Weisstein, John Jungck and Patti Soderberg. The new version includes cross-platform capabilities as
well as an improved user interface, graphics and tables. Virtual Genetics Lab (VGL), the second
piece of software examined in this issue, is an adaptation of John Jungck and John Calley’s Genetics
Construction Kit (GCK) that was developed by a team led by Brian White of the University of
Massachusetts, Boston, to meet the specific needs of his introductory genetics classes. VGL is crossplatform and provides a selected subset of the capabilities of the full GCK. Finally, we highlight
Nerve Works v.1, an interactive virtual laboratory environment for teaching neurophysiology. While
this software has no direct connection to BioQUEST, one of its developers, Dr. Eli Meir, then of the
University of Washington, is the author of the ecology simulation EcoBeaker contained in the BioQUEST Library VI. More importantly however, this software incorporates the interactive, studentdirected learning approach that allows learners to truly engage in deep learning about neurophysiology as well as scientific thinking in general.
The authors of all three simulations are soliciting feedback from those interested in beta testing the
software. Please consider contacting these authors and giving their simulations a try!
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Teaching with the New, Cross-platform
EVOLVE, Version 3

EVOLVE

Also Available for Beta Testing
Frank Price, Hamilton College

A new version of EVOLVE, BioQUEST’s popular
population genetics simulation, will be available
for beta testing in late June 2004. In response to
many requests, the new version is compatible with
both Windows (98+) and Macintosh (OS 9, X)
platforms, adds colors to graphs and data tables,
improves the user interface, and permits saving of
problems for later work.
EVOLVE allows students to experiment with
evolution in ways that are impossible in the field
or wet lab. They may control the size and genotype composition of the starting population,
overall population size, natural selection, pattern
of inheritance, and migration in a hypothetical
population with two alleles, A and B. Experimenting with EVOLVE helps students improve their
understanding of:
• Fundamental evolutionary processes such as
drift, gene flow, selection and fitness;
• Important concepts of genetics including dominance/recessiveness,
codominance, incomplete dominance, and
heterosis/heterozygote
superiority;
• The relevance of genetics to fundamental
evolutionary forces such
as drift, gene flow and
selection, both individually and in combination;
• Experimental design;
• Interpretation of graphical data;
• The relationship between
evolution and ecological
birth and death rates.

EVOLVE provides students with abundant
opportunities to pose questions about evolution
and to devise various strategies and experiments
to investigate those questions. With many forms
of graphs and data, EVOLVE also helps students
persuade others of the value of their solutions.
BioQUEST’s 3Ps pedagogy (http://
www.bioquest.org/index3ps.html; Peterson and
Jungck 1988) is clearly evident throughout the
simulation.

Some Key Features
Figure 1 shows EVOLVE’s data entry window.
Among the simulation’s unique features are the
following:
1. Under Generations, the Final parameter box
determines the number of generations to be run
using the current set of parameters. When the
final generation is reached, the simulation stops
and students may change appropriate values to
continued on next page

Figure 1. EVOLVE v3 parameter entry window.
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Figure 2. EVOLVE v3 results window
showing allele frequency during selection
for a dominant compared to selection for
a recessive allele. The darker green curve
shows the frequency of the advantageous
dominant allele. The lighter gray curve
shows the frequency in a previous
experiment where the survival and
reproductive “phenotypes” were the same
(respectively 30% survival & 8 offspring,
and 22% & 5), but the advantageous allele
was recessive. Other types of graphs
include: total population size and average
fitness, numbers, frequencies and fitness of
each genotype. Below the graph is a
scrollable table of the data generated by
the simulation. Students can use the Graph
Controls button to display a wide variety
of other graphs, and scroll the table to see
the data themselves.

EVOLVE

from previous page

simulate a changed evolutionary situation such
as a temporary “bottleneck” in population size.
2. The initial population size and allele and
genotype frequencies can be set to HardyWeinberg equilibrium, or in any disequilibrium
desired. Students may even experiment with the
fate of mutations by setting up a population
composed of one class of homozygotes plus a
single heterozygotic individual.
3. EVOLVE implements natural selection in a
unique manner. Rather than entering selection or
fitness coefficients, students enter the more basic
parameters of survival (percent surviving to
adulthood) and reproductive rates (average
number of young per adult) of each genotype.
This helps students to understand these fundamental ecological parameters. It also lets them
progress to an understanding of how survival and
reproduction relate to fitness and selection
coefficients. For example, in Figure 1, the
heterozygote’s survival and reproduction are the
same as the AA homozygote, so the A allele is
dominant to the B allele, and is advantageous
(AA and AB have equal and higher survival and
reproduction values than BB). The green curve in
Figure 2 shows the results of these values.
Setting the survival and reproduction values for
AB to 22.0 and 5.0 would make the A allele

recessive but still advantageous. These values
produced the gray curve in Figure 2.
4. Genetic drift is controlled by the Max. Pop.
value. If the population grows above this value,
then the population is reduced to the value set in
the Post-crash Pop. box. All of the genotypes are
reduced proportionately; “mortality” is random,
so there is no selection. Populations with high
growth rates will go through a series of J-shaped
rises and crashes (Figure 3). If students set
survival and reproductive rates improperly, then
the population may decline to extinction — a
valuable lesson.

Classroom Teaching with EVOLVE
There are a wide variety of ways to use EVOLVE
in classes. While I have used it as an audiovisual
tool in lecture to illustrate microevolutionary
scenarios, I prefer to use it for lab or take-home
projects. For example, in an introductory exercise I divide students into groups and asks them,
“Does a dominant allele increase in frequency
more rapidly than a recessive allele with the
same phenotype?” Each group must formulate a
preliminary answer, as well as a specific prediction of what they expect to happen. Having the
students work in groups to answer the question
provides many teachable moments for discuscontinued on next page
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EVOLVE

from previous page

sions of Mendelian concepts, experimental
design, and how to formulate predictions of
experimental outcomes. Typically, they expect
the dominant allele to evolve faster, and predict
either fixation in an earlier generation or a faster
increase in frequency.
Figure 2 shows EVOLVE’s results window with
an experimental answer to the question posed
above. The two curves show the change in allele
frequencies when an advantageous phenotype is
dominant (green curve) compared to when it is
recessive (gray curve). Graphs such as these
generate considerable debate, and help students
realize that cultural connotations of “dominant”
prejudiced their initial answers. The answer to
“which is faster” depends on the criteria they
chose: the dominant allele increased faster at
first but never reached fixation, while the reces-

sive allele started more slowly but did reach
fixation. As is often the case in science, the
initial expectation of a yes/no answer gives way
to a more nuanced understanding.
More sophisticated students may ask about the
steepest slope or the maximum rate of change.
While EVOLVE’s graphs are useful for many
questions, it doesn’t graph rate of change. However, results can be exported to a tab-delimited
text file that can be opened by spreadsheet or
statistical programs for more sophisticated
analysis. The example in Figure 4 shows that
selection for the recessive allele has a slightly
greater rate of change than selection for the
dominant allele.
Faculty may save experimental parameters as
problem files that students can open for particucontinued on next page

Figure 3. EVOLVE v3 Results window showing population size and allele frequency during a population “bottleneck”.
The green curve shows the frequency of one allele; the purple saw-tooth curve shows the population size. The simulation
was run for 20 generations with Max. Pop. = 9999 & Post-crash = 6000, for 1 generation with values of 50 & 30, then for
79 generations with Max. Pop. and Post-crash reset to the original values. Survival and reproduction were 22% and 5%
respectively for all genotypes (no selection). After the crash in generation 21, the population grew slowly until about
generation 50. During this time, the allele frequency fluctuated significantly, but generation-to-generation fluctuations
tapered off as the population became larger. Overall, the allele frequency changed from roughly 50% to about 58%.
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Figure 4. Excel Graph of data
from experiments in Fig. 2.
We used Excel to open a text
file of data exported from
EVOLVE, computed a new
column of the change in
frequency of the A allele from
one generation to the next, and
graphed the results. The graph
of the recessive allele (lighter,
gray) is slightly higher, 0.081,
than that of the dominant
allele, 0.079 (darker, green).

EVOLVE

from previous page

lar assignments. After the introductory exercise,
which is relatively scripted, I typically give the
groups a variety of more open-ended exercises
and the groups come up with solutions that they
report to the rest of the class. Four examples
include:
• You are managing a deer herd of almost
10,000 animals. Budget cuts require that you
reduce herd size, and you must submit a new
budget with expected percent savings on feed.
In other words, how much can you reduce the
size before loss of genetic variability becomes
a problem?
• You have been given the survival and reproductive data for the sickle cell allele in Africa
or in the United States. What is the fate of the
allele responsible for sickle cell anemia?
Discuss the pros and cons of eliminating the
sickle cell allele from the gene pool.
• What is the typical fate of a new, advantageous
mutation?
• Model a population bottleneck and describe
the effects on allele frequency. Figure 3 is an
example of such a simulation and takes advantage of EVOLVE’s ability to change parameters during an experiment.
All of the above involve one evolutionary force;
more advanced classes may look at combinations
of forces, or more sophisticated problems.
Vol. 13(2) Summer 2004

For example:
• Compare selection in small and large populations.
• Model an island population where one allele is
favored by selection, but which receives
regular emigrants from a mainland where the
other allele is favored.
• Does it matter whether a particular fitness
coefficient is achieved by high reproduction or
by high survival?
EVOLVE comes with comprehensive, introductory manuals that include several dozen suggested exercises. Readers who are interested in
beta testing EVOLVE Version 3 should contact
Virginia Vaughan (vvaughan@hamilton.edu).
EVOLVE Version 3 is being developed by Frank
Price, Chiro Umezaki, and Virginia Vaughan,
with support from the BioQUEST Curriculum
Consortium.

Resources
Peterson, N. and J.R. Jungck. 1988. Problemposing, problem-solving, and persuasion in
biology. Academic Computing 2(6): 14-17 and
48-50. A copy of the text is available at http://
bioquest.org/note21.html#anchor81555
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Nerve Works Version 1.0
Simulating the Neurophysiology Laboratory
Dr. Eli Meir, Massachusetts Institute of Technology, and
Dr. Anna Davis, University of Washington

Nerve Works Version 1 is an interactive, simulated laboratory environment for teaching neurophysiology. Students learn key concepts as they run experiments in the Nerve Works laboratory.
Nerve Works comes with a set of pre-written, student-tested laboratory exercises including: basic
labs covering the most fundamental concepts in neurophysiology; tutorials teaching recording
techniques and how to use the program; advanced labs that cover more challenging topics and
require students to apply their understanding of basic concepts to novel, fictive situations (e.g. ionic
basis of resting potential in a cell with an unusual membrane permeability). Many advanced labs
require students to design and carry out their own, unscripted experiments. Each lab contains detailed instructions akin to a lab manual as well as hyperlinks to reference materials with hints and
answers to questions posed within the lab.

Basic labs
• Basic Resting Potential
• Hodgkin Huxley Action Potentials – Ionic basis of action
potentials (current clamp and voltage clamp)
• Generating Current-Voltage Relations (I-V)
• Excitatory and Inhibitory Post-synaptic Potentials
• Passive Membrane Properties

Tutorials
• Intracellular Recording Basics
• Voltage Clamp Basics
• Building Nerve Works Labs

Advanced labs
• Pay Attention Students determine how the transmitter
norepinephrine modulates the firing properties of
hippocampal CA1 cells (after Madison and Nicoll
1984, 1987). Norepinephrine modulates the cell’s response to glutamate by blocking a calciumdependent potassium channel that normally makes the excitatory response to glutamate a transient
one.
• Synaptic Challenge Students are challenged to figure out whether the two synaptic inputs to the
target cell are excitatory or inhibitory.
• Exploring Threshold Builds intuition around the idea of a threshold for action potential generation. Students find the AP threshold and use the voltage clamp technique to explore how this
threshold depends on ionic currents.
continued on next page
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Nerve Works
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• Vent Worm Resting Potential Students are challenged to determine the
ionic basis of resting potential of a fictive neuron from an annelid worm
living near hydrothermal vents. This neuron has resting membrane permeability to an unusual ion.
• Hyperkalemic Muscle Students compare normal and
diseased muscle cells to determine how mutation of the
voltage-gated Na channel alters the Na current waveform and muscle behavior.

Software Toolkit Allows for Laboratory Creation
Nerve Works is more than labs and tutorials. With the teacher in mind, we have created Nerve Works
as an environment for creating laboratories from scratch. Nerve Works contains a general software
toolkit linked to construction tools that allow you to:
Make your own cells
Use a drag and drop interface to add ion channels and/or receptors to a
cell. Nerve Works includes many pre-defined cells or you can create
your own by defining cell parameters within the Preparation Editor.
You can create an ion channel from scratch, defining channel conductance,
relative ion permeability, ligand and drug actions, gating kinetics and voltage
dependence.

Build your own physiology rig
Use our instrument catalog to build a collection of instruments, then turn the
instruments around and wire them together to generate a functional rig. Instruments
include an oscilloscope, stimulator, 2- electrode voltage clamp, picospritzer, and differential amplifier.
Create your own encyclopedia entries
Nerve Works comes with an encyclopedia that contains laboratory
support materials as well as an online manual, but you can also
create and include your own entries using an HTML editor.
Write your own lessons
Each laboratory exercise includes a set of instructions to guide the student
through the lesson. Using an HTML editor you can modify our instructions or write your own.
Nerve Works is being developed by a team that includes Dr. Eli Meir (Massachusetts Institute of
Technology),Dr. Anna Davis, Dr. William J. Moody, Dr. Edwin Munro, Dr. William J. Sunderland,
and Scott Votaw (all at the University of Washington), with support from the National Science
Foundation Department of Undergraduate Education (NSF DUE9950603). Dr. Meir is the author of
the popular ecology simulation EcoBeaker (www.simbioticsoftware.com).
Vol. 13(2) Summer 2004
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The Virtual Genetics Lab (VGL):
a Cross-Platform, Open-Source Version of the Genetics
Construction Kit (GCK)
Brian White, Nikunj Koolar, Wei Ma, Naing Naing Maw, Chung Ying Yu, and Ethan Bolker
University of Massachusetts, Boston

The Genetics Construction Kit (GCK) is an
open-ended simulation of transmission genetics.
Students using GCK are presented with a randomly generated genetics problem: a collection
of simulated fruit flies with a particular set of
traits. Students develop hypotheses about the
inheritance of these traits and test these hypotheses by selecting individual flies for crossing.
GCK then generates the appropriate offspring
and the students use these data to refine their
hypotheses. GCK was developed in the 1980s
(Jungck and Calley, 1986) and is an excellent
example of BioQUEST’s 3Ps philosophy.
GCK has been used extensively by teachers and
education researchers for many years (Carpenter
and Romberg, 2004; Collins and Stewart, 1989;
Stewart and Passmore, in press) and is still one
of the most popular and successful BioQUEST
applications. However, on modern computer
systems it suffers from three small limitations.
First, GCK was written and compiled only for
the Mac platform. Although GCK is compatible
with many Mac emulators for other operating
systems, this has limited its widespread

use. Second, GCK’s user interface was written
for the Macintosh Classic’s small black and
white screen. As a result, the icons are very
small and there is no way to illustrate an
individual’s phenotype. Finally, since GCK is
currently commercial software, the source code
is not yet available for modification and updating.
To address these limitations, our development
team at the University of Massachusetts-Boston
has developed the Virtual Genetics Lab: a computer simulation of genetics in a fictitious insect
designed using many of the same principles as
GCK. VGL is written in Java, which allows
compatibility with most current operating systems (Windows 98 and higher, UNIX/Linux, and
Mac OS X; unfortunately, VGL is not compatible with Mac OS 9.x and lower). VGL takes
advantage of the larger screen size and color
graphics available on modern computers. (Figure
1) The VGL source code is freely available on
the world wide web for download, upgrades, and
modifications. VGL has a subset of the features
of GCK and emulates some of the core of GCK
with novel additions. VGL has
been tested and
successfully used
by Introductory
Biology students at
University of
Massachusetts,
Boston and elsewhere.

Figure 1 A screen shot of Virtual Genetics Lab showing some of its unique features
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VGL has further important differences from GCK
in addition to those mentioned above:
• Instead of saving customized versions of the
program as is done with GCK, the instructor
uses the VGLadmin program to generate
problem files with specific limitations.
• GCK can generate problems with several
genes, many alleles and various degrees of
linkage; VGL is limited to problems involving
one gene only. Each gene can have a maximum of 2 alleles. The phenotypes of these
alleles can be simply- or incompletely-dominant.
• The characters and traits in VGL are entirely
fictitious and have clear descriptive names.
These characters and traits are also entirely
visual (e.g. eye color, wing shape, etc.); the
program displays thumbnail and large images
of each trait. (Figure 1)
• In GCK, genes can be either autosomal or XXfemale/XY-male sex-linked. VGL also adds
the possibility of ZZ-male/ZW-female sexlinkage. This range of possible genetic
models can be configured in the problem files
generated by VGLadmin. Other genetic
characteristics such as epistasis and pleitropy
can be modeled in the latest version on GCK.
• In GCK, by design, there is no way for either
the student or the teacher to access the underlying genetic model or the genotypes of the
individual flies – as in an actual genetics lab,
the “answer” is not available. In VGL we have
taken a slightly different approach — VGL
problems can be configured by the VGLadmin
program to allow or disallow “Practice
Mode”. In practice mode, the underlying
genetic model is initially hidden but can be
viewed by clicking on a button on the field

population window. In this mode, individual
genotypes are displayed as balloon help for each
individual. In this way, beginning students can
check their progress.
The VGL software, user manual, and source code,
as well as the relevant sections of our lab manual
are available for free download from http://
intro.bio.umb.edu/VGL/index.htm. The developers are looking for users, feedback, and collaborators on future development. Please send an e-mail
to (brian.white@umb.edu) if you decide to use
VGL, have a bug report, have a suggested feature,
or would like to participate in developing VGL
further.
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This four-day BEDROCK workshop in Eugene, Oregon
will introduce specific biological problems from areas
that can be addressed with bioinformatics. Participants
will learn to use standard bioinformatic tools such as
database searches, alignment algorithms, and
phylogenetics software, and apply this knowledge to
analyze actual data sets and interpret the results in an
evolutionary context. The workshop emphasis will be
on group work and collaborative learning.
The workshop is designed for:
• biologists and chemists interested in incorporating
bioinformatics into their curricula
• mathematicians and computer scientists
curious about how their fields impact bioinformatics or computational molecular biology.
Online registration available at:
bioquest.org/BEDROCK/
No prior background in bioinformatics is
necessary. There is no charge for registration.

bioquest@beloit.edu

bioquest.org

(608) 363-2743

BioQUEST Curriculum Consortium
Beloit College
Department of Biology
700 College Street
Beloit, WI 53511
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