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Bioinformatics: The Retrieval and Analysis of DNA
and Protein Sequences

Tongjia Yin and Janice Lovett

State University of New York College of Artsand Science
1 College Circle
Geneseo, New York 14454

The exercise is desgned for introductory students with only basic backgrounds in computer skills and
molecular genetics. The objective of the laboratory exercise is 1) to demongrate and reinforce mgor
concepts and principles of DNA and protein sequences, 2) to teach the skills of usng Web browsers and the
availability of biologica resources on the Internet, 3) to use a Smple DNA analyss program, and 4) to
recognize differences between prokaryotic and eukaryotic gene organization that will affect the use of such
resources and software.

The concepts of the Internet, World Wide Web, and Web browsers are introduced by having students
use a Web browser, NetScape, to search for information in the WWW and to access one of the many
sequence databases, GenBank at NIH. The students are initially walked through a carefully scripted step-by-
sep procedure which includes images of the computer screen as they see it. During the firgt part of the
exercise, sudents access a particular sequence and learn the format and related information of the sequence
entries. Sequences are then downloaded or copied to alocal machine for andysis using the Strider software.

For DNA sequences the andlysisincludes: searching for particular sequences, such as a start codon, and
finding any ORFs (open reading frames), codon usage, and the anti-pardld, reverse and complementary
sequences. The DNA sequences can be converted to RNA sequences and protein sequences to
demondrate their reationship. Using the software the students generate full restriction endonuclease (RE)
maps, assess the number of cleavage Stesfrom al or selected sets of a RE library, identify RE with unique or
no stes and caculate the probability of sSitesin arandom sequence.

The andlyss of the corresponding proteins includes obtaining the molecular weight of the protein, the
most frequent amino acid, the total number of occurrences of an amino acid and its percentage, comparing
the most frequent codon and amino acid and explaining any discrepancies. From the primary sequence of the
protein, the basic, acidic and hydrophobic regions are identified and their biologica sgnificanceis discussed.

This format was developed to integrate the student’ s exposure to the Internet and analysis software with
their knowledge of molecular biology a the introductory leve. The g of the software dlows severd
nuances of genes and prokaryotic vs. eukaryotic gene organization to be reveded while using the functions of
the software. For example, the search for an ORF emphasizes the start and stop codons but aso the
importance of the reading frame, or when choosing a sequence for andyss the importance of introns in
eukaryotic sequences is cons dered.

The laboratory write-up itsdf and the DNA andyss software are avalable from J. Lovett
(lovett@uno.cc.geneseo.edu) in Macintosh compatible versons by e mail or by sending adisk to Dr. Janice
Lovett, Biology Department, SUNY College, 1 College Circle, Geneseo, NY 14454.

Association for Biology Laboratory Education (ABLE) ~ http://www.zoo.utoronto.ca/able
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Human Nutrition: Using a Computer Program to
Determine How Well You Eat.

Wayne L. Silver

Department of Biology
Wake Forest University
Wington-Salem, NC 27106
(910) 759-5920
slver@wfu.edu

The science of nutrition deals with the amounts of proteins, carbohydrates, fats, vitamins, and minerds as
well as the totd number of caories of food energy a human (or other anima) must consume to say dive and
hedthy. Nutrition scientists have suggested that a specific minimum amount of each nutrient be eaten each
day. These dietary standards are set up by the Food and Nutrition Board of the Nationd Academy of
Sciences-Nationd Research Council and are caled Recommended Dietary Allowances or RDA’s. The
recommended adlowances are designed for the hedthy population of the United States and are revised
periodicaly in order to include new research findings. Different RDA’s have been assigned to specific age
and gender groups. The most recent revison of the RDA’swas in 1989.

In this [aboratory, students compare their nutritiona intake with the RDA'’s. In addition students calculate
thelr energy needs and determine whether their diet meets these needs. The laboratory exercise runs two
weeks. In the firg lab session, nutrition is discussed and students learn to use a computer program to andyze
the nutrients in a sample diet. There are many such commercid software programs available for both the
Macintosh and Windows platforms. We have chosen The Diet Baancer Program from Nutridata Software.
During the week between the first and second laboratory students are asked to keep a food and exercise
diary, i.e, a lig of everything they eat and drink and any dedicated exercise they may get, for three
consecutive days.

There are severd pitfdls in keeping a food diary. One of the mogt difficult aspects of keeping a food
diary is determining the amount that is esten. Students will have to make educated guesses much of the time.
Another problem isin recording foods that are combination dishes. The best way isto mentaly take the food
gpart and record the individua components. For example if students had a peanut butter and jelly sandwich
on whole whesat bread they would record how much peanut butter and how much jely were on the two
dices of bread.

The second week the students bring their food and exercise diaries to class, andyze their nutrient and
caorie intake and compare them with the RDA’s and caculated energy requirements. Students may aso
pool ther deta in different ways to look a how different groups may consume foods and take in different
nutrients and caories. For example, students might compare maes and femades, athletes versus non-athletes,
or underclassmen versus upperclassmen.
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Teaching Evolutionary Pathways with Imaginary
Animals

Richard W. Miller

Department of Biology
Butler Universty
Indianapoalis, IN 46208
(317)940-9328 miller@buitler.edu

The best visud icon for teaching evolution is the tree diagram. The branching tree, sarting with a single
common ancedtor, illusirates both the divergty of living things and their fundamenta unity. The god of this
exercise is to better understand the meaning of evolutionary trees and the problems biologists have in
condructing them. We use imaginary animas developed by Joseph H. Camin according to rules of
relationship known only to him. The pictures of 29 “caminacules’ are copied and cut out so that each pair of
students has 29 organisms to work with on separate small pieces of paper. Students are instructed to put the
“caminacules’ into an evolutionary tree, assuming that each one represents a different species and that none
are extinct. The work is done on a large sheet of paper so that the branches of the tree can be drawn in to
connect dl the organisms.

Students must discuss their choices with each other and the instructor and are encouraged to compare
their trees to others in the class. The papers can be taped to the walls for class discusson. The exercise
easily generates many questions because no one, not even the ingructor, knows the right way to build the
trees. Students see that in order to classfy and relate the different organisms, they must make choices about
which characteristics are most important. Not everyone chooses the same characters, so the trees are
different. Students come to undergand the uncertainty in deciding phylogenetic relationships with limited
information, which leads to discussion about what more they would like to know about these creatures.

This exercise can easly be followed by a smilar one usng an assortment of rea organisms. Put
specimens around the room and give the students small pieces of paper with the names written on them to
arrange in atree. Thisis a good way to introduce a number of concepts in biologica classfication, including
the digpute about the number of kingdoms.

Fictures of the “caminacules’ and the results of research into their classfication are avalable in the
papers cited below. In fact, there are 48 “fossl” species, in addition to the 29 extant species, and their
classfication and phylogeny has been estimated with cladistic methods.

References

Sokd, R.R. 1966. Numerica taxonomy. Scientific American 215(Dec): 106-116.
Soka, R.R. 1983. A phylogenetic andysis of the camindcules. |I. The data base. Systematic Zoology 32:
159-184.
Sokd, RR. 1983. A phylogenetic andyss of the caminacules Il. Esimating the true cladogram.
Systematic Zoology 32: 185-201.
Sokd, R.R. 1983. A phylogenetic analyss of the camindcules. I1l. Fossls and classfication. Systematic
Zoology 32: 248-258.
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A Multimedia-based Lab Manual: To Enrich, Improve
and Expand Learning and Teaching in the Wet Lab

Gabriela Wienhausen

Department of Biology
Universty of Cdifornia, San Diego
9500 Gilman Drive
LaJolla, CA 92093-0355
(gwienhausen@ucsd.edu)

We developed software, the “Interactive Lab Manua”, to support and expand existing wet lab
experiments. The Lab Manud is composed of subunits, caled modules, categorized as Experiments,
Cdculations and Techniques. Students can move unrestricted from one module to another, forming unique
connections based on their individua intellectud needs and curiosity.

The Experiment Module alows students to carry out an experiment on the screen. Students are led
through a protocol development, introduced to literature searching, encouraged to do the critical steps on the
screen, and chalenged to synthesized and construct knowledge by responding to the numerous food-for-
thought questions.

The Technique Module deve ops theory and methodologica principles behind a technique by intertwining
theory and practice.

The Cdculation Module adlows students to practice those rusty skills one does not like to admit are
deficient.

The course web is the typicd entry point for a student. At one glance he/she gets an overview of the
whole course and an understanding how techniques intertwine with experiments and caculations, and vice
versa. Upon, seection of a module, students are transported to the module outline. The students must now
decide how to move through the module: where to start, when to access additiona information and what
type of rdated information to cal up. The outline suggest one possible, logicd path through the materid inthe
module, but it does not force the student to follow that track.

In addition to being a vehicle for presenting knowledge, the Interactive Lab Manua further engages
sudents by posng questions. An Electronic Notebook built into the software allows students to record
answers to these quedtion. Very powerful is the built-in communication sysem between students and
ingtructor via a user-trangparent eectronic mail sesson.

In summary, we desgned software that creates a learning/teaching environment liberated from the
condraints of the traditiond instructor-centered way of teaching, and consequently learning. Rather than
presenting information linearly like “pearls on a string”, knowledge is presented in an “onion-type’ fashion
with many different layers interconnected via a sudent-driven path. Topics are presented by using a variety
of delivery tools. written words, gtill pictures, but -most importantly - audio, animation, and Smulations.
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How to Get Studentsto Stop Asking, “IsThisLab
Going to Takethe Whole Three Hours?: A Description
of a Cell Biology Lab Curriculum Which Emphasizes
Scientific Inquiry.

Donna M. Bozzone

S. Michad’s College
Winooski Park
Colchester, VT 05439
(802) 654-2627
bozzone@smecvax.smevt.edu

In this presentation | described the transformation of our cell biology laboratory curriculum to make it
more focused on experimentation and inquiry. The three most relevant features of this (ongoing) project are;
1. | have configured the course into modules so that some new labs can be introduced each year (and

others retired) without necessarily dtering course objectives substantialy.

2. The lab program is in the process of shifting to the dmost exclusve use of microbid eukaryotes. This
approach has alot of advantages.

3. The project was funded, in part, by a Nationa Science Foundation Instrumentation and Laboratory
Improvement (NSF-ILI) grant. The process of writing the grant helped me to make the course better
than it otherwise would have been. | had not anticipated this outcome.

Course Design: The Cdl Biology lab program is structured so that there are two class projects, severd
skills building experiments that dl students perform, and each student group designs and implements an
independent research project. Table 1 shows the outline of the schedule.

Table1l. Labprogram.

l. Introduction (1 week)
. Techniques and Experimentation (8 weeks)

e Microscopy

o Cdl Culture

» Cdl Fractionation and Organdlle Isolation
*  Quantitation of Enzyme Activity

* Gd Electrophoresis

[11. Independent Projects (3-4 weeks)

IV. Reports on Projects (1-2 weeks)
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The “Techniques and Experimentation” component of the course condsts of lab exercises and
experiments that al students perform in order to build skills. Examples of some of these experiments include
andysis of amoeboid movement, cytochemistry of red blood cells and various microbid eukaryotes, isolation
study of mitochondria, and gdl dectrophoresis to study serum proteins. Another aspect of this* Techniques’
section, isthe implementation of two class projects. One is an examination of crown gall tumor formation and
the other is study of cdl growth in avariety of microbid eukaryotes.

Perhaps the most important part of the course is the Independent Projects. A team of three or four
students asks or identifies a testable question, designs an experiment, does the experiment, and reports on
their work both ordly and in writing. Table 2 shows some examples of topics students have studied in their

independent projects.

Table2 Examplesof independent projects.

» |solaion of Chloroplasts and Study of the Effect of Light Qudity on the Rae
of Photosynthes's

e Andyssof Red Blood Cell Membrane Permeghility
» Effectsof Lectins on Cell Recognition

* Gd Electrophoress and Western Blot Andysis of Lactate Dehydrogenase in
Different Types of Tissues

»  Study of Growth and Feeding in Tetrahymena

Study of Hagdlar Regeneration in Chlamydomonas

Outcomes. There were severa significant outcomes to doing the course as | have described it here.
Firdt, sudents gained many important |aboratory skills the most critical one of which is the ability to design a
good experiment. They got a lot of practice in experimenta design and andysis. Second, the common goas
of the class projects united the entire lab. While this outcome surprised me at firg, | redized that it was
inevitable since the students depended on everyone dse in the class for these projects to work. Findly,
students redly enjoyed the independent projects. At first, they seemed nervous about the assignments, but
very quickly, they became very excited about their experiments. The obvious and judtifiable pride that the
students displayed when they present their work was also very rewarding.

Use of Microbial Eukaryotes. There are severd good reasons for the extensve use of microbia
eukaryotes to teach cell biology laboratory. Firdt, they are quite inexpensive, and easy to grow. No specid
fecilities are needed. If an experiment fails or if a sudent wants to pursue further inquiry (!), more cdls can
be grown quickly. Second, you can avoid anima welfare issues without compromising rigor. For example,
nucle can be easlly isolated from Tetrahymena, you don't need amouse. Findly, it isimportant for sudents
to observe that not al cells are the same. Microbid eukaryotes are some of the most speciaized (and
interesting) eukaryatic cdls that exig.
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Writing an NSF Grant for Instrumentation: Here are four lessons that | learned in the proces of

prepan ng my grant:
Y ou must demongtrate that funding will prope you to the “next step.” It is not adequate to improve what
you are dready doing.

2. While substance is important, presentation style is critica. | found it hepful to make tables containing
specific information and examples of |aboratories and to embed these tables in the text of the grant.

3. Pan on resubmisson. While | am sure it happens, | don't know anyone who received funding on the first
try. | know alot of people who got it on the second, or third try.

4. Tdk toyour NSF program officer. He or she will be very hdpful.
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Selected Laboratory Experimentsfor Elementary
Education Major or Other Non Biology Majors

Denise A. Martin

Biology Department
S. Michad’s College
Winooski Park
Colchester, VT 05439
(802) 654-2627
martin@smevt.edu

Sdlected laboratory exercises were presented from a course specificaly desgned for Elementary
Education mgjors. Many students who have chosen primary school teaching as a career god lack confidence
in science. The primary focus of the laboratories is to provide students with the opportunity to increase their
science process skills. Providing a forum for the exchange of ideas is a common thread running throughout the
course.

One of the labs we do is an experiment which tests what effect a certain factor has on ora bacteria. The
primary focus of this exerciseis experimental design. Students are provided with sterile Luria broth agar plates
and sterile Q-tips. An assortment of ora hygiene products such as different types of mouthwash, sugar and
sugarless gum, toothpaste and dentd floss are provided. Working in groups of four, students generate their
own guestion and design their experiment. As they work out the details of this very smple project, they have
to make many decisons. Questions such as, how do we standardize the sampling, how often do we sample,
and how do we assess our results, are just afew examples.

Once each group has designed their experiment, they present their project proposa to the rest of the lab
group. Based upon feedback from the class, the individua groups then revise their designs and set up their
experiments. After completing their project each group gives a brief presentation to the lab. Included in this
summary is a section on how they would modify their experimenta desgn and what would be their next
question.

Other exercises, designed to foster creetive thinking and integrate science into other aress, include
designing a board game of the human circulatory sysem, and writing imaginary interviews between a
prokaryote and a eukaryote cell. Additional information is available upon request.
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A Qualitative and Quantitative Approach to
| nvestigating Cellular DNA Repair Mechanisms

Glenn A. Bauer, Ph.D.

Department of Biology
Sant Miched’s College
Winooski Park
Colchester, VT 05439
phone: (802)654-2667
e-mail: gbauer@smcvt.edu

Light and dark repair are two common cdlular-DNA-repar mechanisms available in most odls Wild
type and mutant (dark-repair deficient) E. coli cdls are exposed to UV light resulting in pyrimidine dimer
formation. After the cells are irradiated, samples are either kept in the dark or exposed to blacklight which
induces the light repair system. Through the various combinations of E.coli strains and repair mechanisms,
students create inactivation curves for irradiated E. coli with no repair, light repair only, dark repair only, and
both light and dark repair. In graphica form students have a quditative measurement of the contribution by
each of the DNA-repair mechaniams. Quantitative results are obtained by caculating inactivation rates from
each of the four inactivation curves. From the inactivation rates, photoreactivable and host-cell reectivable
sectors are determined. The sector vaues provide a measurement of the fraction of lethal damage repaired
by light and dark repair, respectively. Comparable yeast strains exist for this procedure and the experimental
desgn aso dlows for an inquiry based approach.
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Why Should | Wear Sunscreen?
Ultraviolet Radiation, DNA, And Mutations

Sheila Kratzer and Charlene M. Waggoner

Department of Biological Sciences
Bowling Green State University
Bowling Green, Ohio 43403

Ultraviolet radiation is part of the electromagnetic spectrum that comes to the earth from the sun. DNA
absorbs ultraviolet radiation and forms thymine-thymine dimers. If these errors are not repaired, the DNA is
dtered and no longer codes for the origind message. In humans, this damage can result in uncontrolled
growth or skin cancer. In bacteria cells, which reproduce asexudly, these mutations are passed onto the
daughter cells. If the amount of radiation is sufficient, the cells will not reproduce.

This can be observed in the laboratory by exposing plated cultures of Serratia marcescens (available
from American Type Culture Collection) to a source of ultraviolet radiation. Each group is given a liquid
culture of the bacteria in nutrient media. They are indructed in aseptic techniques. Students use a sterilized
swab to streak the nutrient agar plates. (Culture tubes and petri plates with the nutrient agar are available
from Baxter/Scientific Products.) Plastic wrap is used as a support for various solar protectants. Each group
covers hdf of the culture with a solar protectant and alows the other half to be exposed to the ultraviolet
source. We use the ultraviolet light in a hood as our source. A hand-held source or the sun should work
equaly well. The exposure time will vary with the source. You should test times from 1 to 30 minutes.
Exposed plates are alowed to incubate at room temperature for 24 hours. If students cannot examine plates
at this time, they may be kept in the refrigerator for one week. The students determine relative amounts of
bacterid growth based on the numbers of colonies. They relae the growth to the exposure to ultraviolet
radiation.

This experiment is easy to do. It can be done using avery smal amount of timein 2 or 3 consecutive lab
sessons. It gives students a good chance to design an experiment and evauate the results. If you have
aufficient materids, it will take very little time to dlow students to redesign and re-implement their experiment.
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Using the Scientific Method to Study Optical
Orientation in Blowfly Larvae

William D. Blaker

Department of Biology
Furman University
Greenville, SC 29613-0418
phone; (864)294-3084
email: blaker_bill@furman.edu

This introductory lab in beginning biology courses for mgors or nonmgors illudrates scientific
investigation more redidicaly than do many textbook trestments of the “scientific method” and many
“exercisg’ type labs. It helps students appreciate that scientific investigation not only involves reasoned
conclusions based upon relevant and valid evidence, but aso that it is iterative, cooperative, and tentative.

In the firg activity, each lab group smulates the scientific process by playing a smplified verson of the
cad game New Eleuss in which a group of “scientids’ seeks to determine a “law of nature’ (the rule
governing a sequence of playing cards) through a series of “experiments’ (Gardner, 1977). One lab group
member acts as “Mother Nature’ and the others act as “scientists.” To set up the game, “Mother Nature”’
devises a rdatively ample “secret law” which will govern the sequence of cards which can successfully be
played by the “scientists’ and writes it on a sheet of paper out of view of the “scientists.” For example, the
law could be “each card is the same color but a different suit fom the previous card.” “Mother Nature”
selects two cards which obey the written sequencing law and places them face up on the table next to each
other. These two cards serve as the “initia observation” made by the “ scientists.”

The bulk of the game considts of the lab group members then seeking to discover the secret law. The
“scientist” on “Mother Nature' s’ |eft proposes out loud to the other “scientists” an hypothesis to explain this
“initid observation” (i.e., tries to guess what the secret law is). That “scientist” then selects a card of his or
her choosing from the deck and givesit to “Mother Nature.” This card is thus the scientist’ s “ experiment” or
“further observetion” to test his hypothesis. Discusson among the “scientists’ is encouraged during the
choosing of any hypotheses or “experiments.” If the card given to “Mother Nature’ correctly follows the
secret sequence law, then “Mother Nature” placesit to the right of the last correct sequence card. If it does
not follow the rule, then “Mother Nature’ places it beneath the last card played. Play then proceeds to the
next “scientis” around the table who ether agrees with the previous hypothess or dse modifies it. This
“scientis” then performs an “experiment” of his own. Figure 1 shows an example of acard layout generated
during a game using avery smplerule. At any stage of the game, the scientists as a group may ask “Mother
Nature’ if their current hypothesis is correct. If the hypothesisis correct (i.e, it essentidly restates the secret
rule), then the game is over and the scientists win. Conversdly, if the hypothesisis not correct, then the game
isover and “Mother Nature” wins.
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initial uWn cards “successful” further experiments
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Figure 1. Possible sequence of play when the law is*“Each card is one value higher that the previous
one.”

The game (and “red” science) requires cooperation among the players (experimenta results, ideas and
new hypotheses are shared), iteration (a single observation or experiment is usualy not enough to convince
one of the vdidity of an hypothess), revison of hypotheses in the face of new evidence (you must modify
your hypothesis until it explains dl of the rdevant data), and the use of “negative experiments’ (sometimes
playing a card which your hypothesis predicts will be “unsuccessful” is a good additiond way to test the
hypothess). Conversdy, the main way in which the game is not like red scentific invedtigetion is that
“Mother Nature’ is not there to tell you if your hypothesisis right or wrong - the “real” scientist never knows
absolutely for sure.

The second activity gpplies the lessons learned above in the andyss of the phototaxis of blowfly
(Sarcophaga bullata) larvee (Carolina Biologicd Supply Company, Burlington, NC) in response to
amultaneous chdlenges with lights of different colors. About an hour before lab, select active larvae which
show conssent and drong podtive phototaxis toward an incandescent light source. The generd
experimenta protocol the students perform in lab consigts of arranging a piece of black congtruction paper
and two adjustable lamps with 60 watt light bulbs on the benchtop as indicated in Figure 2. Secure a color
filter (colored cellophane or plastic sheet) over the front of each lamp and adjust the distance between the
center of the black paper and each lamp (typicdly from 5 to 20 cm) o that the light intengty &t the larvd
position will be the same for each color as determined by a light meter. The filters will typicdly be of two
different colors. With both lights turned off, place the larva on the black paper and wait afew seconds for it
to right itself and start crawling approximatdly in a straight line. Rotate and podtion the paper so that the
crawling larvais in the direction indicated in Figure 2 and it is at the correct distances from the two lamps.
When the larvais crawling in the desired spot, Smultaneoudy turn on both lamps. Observe the behavior of
the larva without further movement of the black paper. When it is clear which direction it is finaly moving,



312 Mini Workshops

samultaneoudy turn off both lamps. Record the larva's finad position as color one, color two, or straight.
Repest thisfor fivetrids.

blue filter red filter

B

(each lamp about
30 degrees from
horizontal)

(each light at the
detarmined distance)

direction of crawling
larva when lights are
turned on

black paper—"

Figure 2. Experimental setup for testing the phototactic response of larvae to different colors of light.

The entire class makes an initid observation using ared and a blue light source, and the findings of dl the
lab groups are shared. The results are usudly very much in favor of the larvae ending up on the “blue’ sde.
Then each lab group forms an hypothess involving ether pogtive phototaxis toward blue or negative
phototaxis away from red, and chooses an experiment from alist of possbilitiesto test their hypothess. After
sharing the class's results of these further experiments, it should be clear to dl the lab groups that a postive
phototactic response is being observed. Each lab group then modifies its initid hypothesis and, through
further experiments conggting of trids usng pairs of various other filter colors of their choosing, tests and
further revisesits hypothess until it is consstent with al the data collected by the group.

Poaling the results of the different lab groups at the end of the lab period leads to a more comprehensive
hypothesis. The pooled results can be easly summarized by counting the number of preferences each color
showed in comparison to others. For example, if pooled class results showed that blue was consistently
preferred in choice trids againgt red, yellow, violet, and no light, but was not preferred in trids againgt green,
then blue would rank four in a “reative preference ranking.” In typicd sets of trids in which the larvee are
chalenged with each possible combination of fivefilters (and no light at dl), the “ preferred” choiceslead to a
sf-consgtent ranking of the colors as to degree of positive phototaxis (most “preferred” color equas a
five), with a maximum preference being shown in the green region of the visble spectrum. The students
should not be told of such results until the end of lab. Pooling the various class results to put together this
“bigger picture’ shows the benefit of sharing data and of communicating results to other scientisgtsin the fidd.

References

Gardner, M. 1977. On playing New Eleuss, the game that smulates the search for truth. Scientific
American, 237: 18-25.
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Non-Majors Environmental Biology: Large Class
Hands-On Experiences

Ruth E. Beattie

T. H. Morgan School of Biologica Sciences
University of Kentucky
Lexington, KY 40506

These experiences are designed to give non-magor biology students some ‘laboratory’ experiences in
environmentd biology (a lecture-only course). Classes normaly consist of 300 students. The exercises listed
aredl caried out in alecture hal with minima supplies, during a 50 minute class sesson.

The students, working in groups of ten, carry out an environmenta survey of campus, which is designed to
promote an awareness of environmenta issues related to everyday life. Each group collects data concerning
traffic flow around campus, campus recycling programs (in the computer |aboratories, in the student center
food court, and in the residence hdls), and participation in the university car pooling program. Each group of
students submits a short report containing the collected data and the conclusions reached by the group.

A chocolate chip mining activity, designed by Kutscher (1991), promotes an awareness of the financiad
and ecologica costs of regulated versus unregulated strip mining. Working in groups, the students are given
two minutes to ‘mine€ as many chocolate chips as they can from a chocolate chip cookie. After the two
minutes have e gpsed, the students count the number of chips mined. The students then attempt to reassemble
the fragmented cookie. The activity is repeated usng a second cookie but this time the students are required
to mine the chips while preserving the overall appearance of the cookie. The students compare the results of
the two mining episodes, noting the number of chips mined and the fina appearance of the cookies. Usng this
activity as amodd, the students draw comparisons between regulated and unregulated strip mining practices

The students use Bottle Biology Methodology (Nationd Association of Biology Teachers, 1994) to
determine the effects of household liquids on water qudity. Artificid ponds are constructed from 2-liter plagtic
bottles. Pollutants (household liquids) are added to the water in the experimenta ponds. Duckweed plants are
added to each pond. After one week the students compare the appearance of the duckweed in a control
pond (no pollutants added) to the duckweed in the experimentd ponds. Students determine the relative
toxicity of each of the household liquids tested.

All of these activities promote student-directed learning in the classsoom and have increased student
interest and participation in this environmenta biology course.

References

Kutscher, E., 1991. Hands-On Environmenta Science Activities, Alpha Publishing Co., Inc. Pages 91 - 95.
Usng Fast Plants and Bottle Biology in the Classroom, (1994) National Association of Biology Teachers,
Reston, Virginia. Pages 3.1 - 3.13.
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Lights, Bean Plants, Action: Starch Printing, a Student
Exercise

Carol Reiss

Section of Pant Biology
Corndl University
Ithaca, NY 14853.

Photosynthetic production of carbohydrates and starch is dependent on light intengity. The primary
leaves of a young bean plant which has been stored in the dark for 24 hours are depleted in arch; these
leaves will rapidly produce starch when provided with light and sufficient CO5. Because light intensity greetly

affects the rate of photosynthesis, the amount of starch produced will depend on the avallahility of light. If a
photographic negetive or a stencil is placed over the leaf, starch production will be the greatest where the
light reeching the leef is mogt intense (Reiss, 1994). The duration of the light exposure can be greatly reduced
by placing a piece of black felt soaked in a bicarbonate solution on the back of the leaf. The lesf is then

removed, placed in boiling water for a few seconds, then placed in 95% ethyl acohol to remove chlorophyll.
Findly, the leef is placed in an iodine solution, which will stain the newly produced starch, giving a postive
image of the photograph. This exercise is fun and easy to do. If would be appropriate at the high school
leve, but is entertaining for the college student as well. The amount of detail present in the find sarch prints
aways surprises the sudents  and encourages them to condder the importance of avalable light for

photosynthes's.

References

Reiss, C. 1994. Experimentsin Plant Physiology. Prentice Hall, Englewood Cliffs, NJ, 292 pages.
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DNA: From Lab to Courtroom

Catherine A. Teare Ketter

Divison of Biologicd Sciences
University of Georgia
Athens, Georgia 30602—2601

The laboratory exercise on DNA fingerprinting was specificaly developed for inclusion in a two part
laboratory sequence for nonscience mgjors. This exercise is placed in the lab sequence to correspond with
the end of the lecture discussons on molecular genetics. The data used in this exercise are derived from
actual FBI crime cases which occurred in Georgia between 1989 and 1993. Dr. Wyatt Anderson,
Depatment of Genetics at the Univeraty of Georgia, asssted in the development of this exercise. As a
technica consultant to the State of Georgia crime laboratory, and a frequent expert witness on forensic use
of DNA fingerprinting, Dr. Anderson felt thet the inclusion of this exercise in the nonscience major sequence
would provide the students with a basc understanding of the DNA fingerprinting process and create
technically literate potentid jurors.

Four objectives are outlined for students at the beginning of the exercise:

*  Observe chromatin bands corresponding to “genes’ in Drosphila giant salivary chromsomes.

* Recognize types of DNA: unique DNA and r epetitive DNA.

e Lean how DNA is chemicdly cleaved and how the resultant fragments are separated by
electrophoress.

e Understand how DNA technology is used to identify individuas.

Students observe prepared dides of Drosophila sdivary polytene chromosomes. A chromosome map is
provided for visua reference to assst the students in locating specific chromosome regions corresponding to
known Drosophila mutations. A discussion of restriction endonucleases, RFLP andysis, and the Southern
Blot technique follows. Students view a 10 minute video clip on dectrophoresis and observe a gel loaded
with multiple tracking dyes of differing colors and watch molecular weights separating.

Three sets of autoradiograms are provided to the students. Each case is of increesng complexity
pardleing the development of forensc DNA technology from 1989 through 1993. Each st of films is
associated with a crime case description. The first case is worked by the teaching assistants with the class as
an example. Three different probes are used and the band shitfing phenomenon is demonstrated and
discussed.

The second and third cases are assigned to different student groups. The students divide themsalves into
prosecution and defense teams and evaluate each set of films from their legd postion. The sudents
summarize their results in a “mock” trail. Students must caculate the tota probability of a match for the
suspect and the evidence. Students are required to discuss the technicd problems associated with the
forensc gpplication of DNA technology including: the smal numbers of certain ethnic groupsin the FBI data
base used to generate the probabilities, problems associated with the use of the DXY probes, the effects of
poor sample preservation, and forensic laboratory quality control.

NOTE: 30 mm negatives of the autoradiograms were distributed at the Boston University meeting for
cases 2 and 3. Additional copies of the crime films are available upon request from the author. Please dlow
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aufficent time for the author to obtain the origind films from the FBI ab and have the autoradiograms copied
(4-6 weeks).
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Species I dentification and Systematics

Linda T. Collinsand CharlesH. Nelson

Department of Biological and Environmental Sciences
University of Temessee at Chattanooga
Chattanooga, Tennessee 37403
(423) 755-4797 |collins@utcvm.utc.edu

An important objective for biologists is to determine the phylogenetic relationships among species. This
exercise is desgned to introduce introductory biology studerts to the study of systematics. First, students
learn how to use a dichotomous key to identify tree cones and fruits. The key to 30 cones and fruits is
written so sudents can easlly identify at least 10 specimens in less than one hour. The cones and fruits were
chosen to be sufficiently sturdy to endure use by students for many years, and they are subgtantidly different
from each other to dlow easy use of dternative choices in the key. The language in the key does not require
abackground in botany.

Second, students use characteritics of the cones and fruits to design a phylogram. A phylogram reveds
which species descended from other species or, dternatively, which species share immediate common
ancestors. The congtruction of a phylogram is based on afundamenta assumption: when two species share
smilar characterigtics, the characteristics are acquired from a amilar characterigtic in a common ancestor. If
the assumption is correct, then it is possible to sate that there is a phylogenetic relationship between the two
species. Smilar characterigtics in two species that are inherited from a common ancestor are homologous.
Students determine the numbers of homologous characterigtics in common in five tree species and congtruct
a phylogram to organize the gpecies on the bads of their evolutionary relaionships.

Species | dentification. Using a Dichotomous K ey to | dentify Tree Species

Use the dichotomous key to identify ten cones and fruits.
KEY TO TREE CONES AND FRUITS

1. Conewith overlaoping SCAIES........ccoi ettt et b et e sre e 2
1. Fruit, not acone. If cone-likelacking overlgpping SCAIES .........cooiiriiireceeeee e 6
2. Conescalesmore or lessthickened (PINES) ........ooereiiririeiieiese e 3
2. Cone scales amost paper thin (oruces and hemlocKS) ... 5
I O 0= == S S (oo [N White pine Pinus strobus
G T @0 0= (=] 1 7= 1 S o 0 P OSOPRS 4
4. Conesunsymmetrica (lopsded), with stout prickles...................... Table mtn pine Pinus pungens
4. Coneswith dender prickles.........ccoovveveriiniineeieeee Virginiaor scrub pine Pinus virginiana
5. Coneslessthan 17 10Ng......ccceverererenenenieeeeeee e Eastern hemlock Tsuga canadensis
5. CoNESL’ [ONQ OF MOIE.....cuieiieieeieeieseesieeiteseesteeeesreesre e e e sseesaeeeesreenseeneens Red spruce Picea rubens
6. Fruit shaped lIKe abhEaN POU.........cecieiieiece et sae e 7
6. Fruit not shaped [IKe abean POQ.........coeeuiiiiiiece e 8
7. Podabout 2’ to 3’ inlength, very straight........ccccceveeveneneenieee Eastern redbud Cersis canadensis
7. Pod8 ormoreinlength.........ccoeviiiiiiiiiinee e Honeylocust Gleditsia triacanthos
8. Ut WIth @thiN WING .....cciiie et sreenesneenre s 9

S T (U1 070 1. 0o = o S 15
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© ©

11.

11.

13.
13.

15.
15.

17.

17.

19.
19.

21.
21.

23.

23.

25.
25.

28.

28.

29.
29.

Fruit paired (double), the two parts united at the base (MapIEs).......ccevveveiieciecce e, 10
FrUIt SNGIE, NOL TN PAITS. ..ottt ettt et e e e bt e e b nae e e e ens 13
10. Fruitred or reddiSh BroWN ........cocoiiiiiniiee e Red maple Acer rubrum
10. FrUit green OF YEIOW. ....cc.oouiiiieieeeee ettt st 11
Fruit wings forming an angle greater than 909,
nearly straight fromendtoend..........cccoecveee v, Norway maple Acer platanoides
Fruit W|ngsf0rm|ng an a’]g|e 1ESSThan Q00 -+ rerrrerrrerrrr et 12
2 (VT RAVZRS 170 = o [ OSSR Boxelder Acer negundo
2 (U1 RS 7210 = o [ Sugar maple Acer saccharum
Wing encircling the S8ed CaVItY........cceeveeeeeveeiececece e American dm Ulmus americana
Wing termina (at end Of 980 CAVITY)......coeeeeieierie e 14
14. Seed cavity 4-angled in cross section

................................................................ Tulip poplar or yellow poplar Liriodendron tulipifera
14. Seed cavity flat in Cross SECtion.........ccccveveerierencneneeeeeee, Green ash Fraxinus pennsylvanica
Fruit made of many small units packed tightly together or bornein aloose clugter..........ccoocveeveeieennee 16
(UL o L] 7= Y SRR 19
16. Fruit cone-Shaped.........cooiiiiiieiice s MagnoliaMagnolia grandiflora
16. Fruit NOt CONE-SNAPEM. ... .oieiieieieeie ettt s be e be et e saeesbeeneesneenreas 17
Fruits borne in aclugter, bright red when fresh or dark red or black when dry
.................................................................................................................. Dogwood Cornus florida
Fruit round, goIf ball SZe Or SMEIIEN ..........oeie e 18
18. Fruit round and hard with sharp projections...........c.ccoceeeeene Sweetgum Liquidambar styraciflua
18. Fruit round, lacking sharp projections.................... Sycamore or plane tree Platanus occidentalis
[ (O g I= oo gl (07 ) TSSO P VST ORPR 20
L (UL 00 = 1= oo o OSSPSR 25
20. Acorn about 1/27 10NG.....cccueeirieiieeiie et Willow oak Quercus phellos
20. ACOMIONGES thaN /2.t e e et e e b e e reesreeenre e 21
Cup conspicuoudy fringed a itSAgE.........eoererirereeeeee e Bur oak Quercus macrocarpa
(@0 0o 11170 = o SO P 22
22. Cup deep, Amost COVEING NUL .........cevveieerieeieseese e Overcup oak Quercus lyrata
p 2 O U o B 0 | o OSSR 23
Nut tawny, cup usudly elongate at base, cup scaleslong and rdatively thin
.................................................................................................. Blackjack oak Quercus marilandica
Nut brown, cup usudly round at the base, scales warty in apPearanCe..........cccvvvevveeceeveeseece e 24
24. Nut narrow and oblong, thin spike at the tip........ccooveeeveeveece s White oak Quercus alba
24. Nut wide, thick spike at thetip......cccceeeeveie e, Red oak Quercusrubra
Nut shiny dark brown with one light SPOL.........cccceririiiiieeeeee e Buckeye Aeculus glabra
Nut not shiny dark brown with one light SO0L........coeiiririee e 26
26. Husk covering nut WithOUt SEBMS..........covvvee e Black walnut Juglans nigra
26. Husk covering nut splits dong defiNite SEAMS ......ccvveeeriiee e s 27

A o (1S T o[ (Y2 SRPRS 28

27. HUSK NOL PIICKIY ...t 29
Nut rounded in cross section, more than 27 in diameter, spine of husk branched, needle sharp
................................................................................................. American chestnut Castanea dentata
Nut triangular in cross section, lessthan 1" long, spines of husk weak, not branched
..................................................................................................... American beech Fagus grandfolia
Husk winged & SEAMS ..o Bitternut hickory Carya cordiformis

Husk not winged, either smooth or dightly ridged aong seams
.............................................................................................................. Pignut hickory Carya glabra
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Systematics. Construction of a Phylogram

To congruct a phylogram the systematist first observes the sructurd differences and amilarities that exist
among organisms. It should be noted that such an andysis is based on a fundamenta assumption: when two
species are found to share Smilar characteridticsiit is assumed that these Smilar characteristics were acquired
from a amilar characterigtic in a common ancestor. If this assumption is correct, then it is possible to ate
that there is a phylogenetic relationship between these two species. Smilar characteristics in two species that
are inherited from a common ancestor are spoken of as being homologous. A systematist determines the
organisms with the largest number of homologous characteristics in common and then congtructs a phylogram
to organize the species into larger groupings. Suppose you have to condruct a phylogram to represent the
ancestor descendent relationships of five vertebrate animals found in the surrounding area. Firdt, you lig
characteridtics that indicate structurd smilarities and differences that exist for these organisms. Next, you
indicate with a ‘+ if the organiam possesses the characterigtic and a ‘O’ if it does not possess the
characteristic.

Vertebrate Animals
Characteristic Bass Lizard Duck Cow Dog
Gives birth to living young 0 0 0 + +
Walking legs present 0 + + + +
Body with hair 0 0 0 + +
Warm-blooded 0 0 + + +

Compare each organism to one another and indicate the number of shared ‘+' characterigtics between
each pair.

Total number of shared ‘+' characteristics

bass, lizad =0 lizard, duck =1 duck, cow =2 cow, dog=4
bass, duck =0 lizaad,cow =1 duck, dog =2
bass, cow =0 lizard, dog =1

bass, duck =0
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A phylogram is congructed by joining first the most smilar pair(s) which, in our example turns out to be
the cow and the dog because they share 4 ‘+' characteristics. This pair is connected by a bifurcating branch:

share 4 '+ characheristics)

Note that if two pairs of organisms shared the same number of characterigtics, for example, hypothetica
organiams g, b sharing 4 ‘' + characteristics and hypotheticd organismsd, e sharing 4 ‘+' characterigtics, they
would have been smultaneoudy joined as follows:

a b d e

If three organiams X, y, and z are equdly Smilar among themsdves, for example, if x, y share 3 ‘+
characterigtics and x, z share 3+ characteristics and y, z share 3+ characterigtics, then the three are
joined by atrifurcating branch:

X y z

In the next step you compare the unconnected organisms to each other and to the (cow, dog) branch
Y ou measure the number of shared *+ characteristics between an unconnected organism to an established
branch such as the (cow, dog) by finding the largest number of shared ‘+ characterigtics between the
unconnected organisms and either the cow or the dog. In this step you find that the most smilar pair(s) isthe
duck, (cow, dog) sharing 2 ‘+ characteristics. Y ou now connect the duck to the (cow, dog) branch by a
new hifurcating branch.

duck SO o

(share 4 '+ characteristics)

ishare 2 '+ characheristics)

Repeat the above step until dl organisms are connected by branches. Thus, in the next step you find that
the most smilar pair is the lizard (duck (cow, dog)) branch sharing 1 ‘+' characteridtic. The lizard is then
connected to the (duck (cow, dog)) branch by anew bifurcating branch.
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lizard duck CO s lely

(share 4 '+ characteristics)

(ghare 2 '+ charackeristics)

(share 1 '+ charackeristic)

The final step connects the last remaining unconnected organism, the bass, to the (lizard (duck (cow,
dog))) branch to form the completed phylogram.

ass lizard duck S o

(share 4 '+ characteristics)

(share 2 '+ characteristics)

(share 1 '+ charackeristic)

(share no '+ characteristics)

Congtructing a phylogram with alarge number of organisms or alarge number of characters can be quite
laborious. Sysematidts, therefore, rly on computers whenever they can to shorten the effort involved in
computation. In the remaining part of this exercise you will congtruct a phylogram of five tree cones and
fruits
1. Examinefivefruits and cones carefully. Enter distinguishing traitsin the box under “Characterigtic”.

2. Fll in the box by putting a “+” showing that the characteridtic is present or a “0” showing that the
characteridtic is absent.
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Tree species

Characteristic Species 1 Species 2 Species 3 Species 4 Species

3. Compare the five tree species to one another and indicate the number of ‘+ characteristics between
each pair.
Total number of shared ‘+' characteristics

1,2= 2,3 = 3,4= 4,5=
1,3= 2,4= 3,5=

1,4= 2,5=

1,5=

4. Using the procedure described above, construct a phylogram for the five tree species.



