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Preface 
 
We’re excited to share the Summer Science Institute 2007 Journal.  The Summer Science Institute began in 
1990 supported by the Wisconsin Department of Public Instruction, the University of Wisconsin System, the 
UW-Madison Center for Biology Education, and the Howard Hughes Medical Institute. Four hundred and sixty-
eight students have participated. Many of these are now beginning careers in science, engineering, medicine, 
and education.  
 
The 2007 student participants and their faculty and staff mentors developed group research projects around 
several interesting scientific research problems and issues. These span several subdisciplines of biology. They 
include research on: Agronomy, Animal Behavior, Bioinformatics, Biotechnology, Developmental 
Neurobiology, Ecology, Genomics, Neurobiology, Parasitological Biology, Plant Physiology and Restoration 
Ecology.  
 
The research articles were written by teams of students and were guided by their mentors. Summer Science 
Institute leaders and the mentors are proud of the work that you’ll find described in the student articles. What is 
not readily apparent, but merits saying is that the research reports that you see here resulted from hard work by 
all participants to meet many challenges. We especially want to acknowledge the personal and professional 
investment of the mentors in the students and the projects. We hope that this is just the beginning of the 
participants’ involvement in science.  
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Sequencing Onion DNA 
using Reduced 
Representation 

 
Jamel Benson  & Prateek Chhetri 

SSI Students 
 

Steve Raines, Mentor 
Mike Havey, Ph.D., Faculty Advisor 

 
Abstract 
 
Onion has a large genome due to a lot of repetitive DNA. To 
sequence the onion without this problem we used a reduced 
representation sequencing method. We isolated DNA from 
648 E. coli organisms containing onion DNA and sequenced 
them. BLAST (Basic Local Alignment Search Tool) search 
results showed that, out of 281 good sequences, 25 were 
probable genes, and 15 coded for probable repeats. Using 
reduced representation we found three times more genes than 
shotgun sequencing and many other non-repetitive sequences. 
In conclusion, we believe that reduced representation is a cost 
effective method to use to sequence onion DNA and other 
large genomes. 
 
Introduction 
 
Onions are an important food for the health of people and the 
economy. In the year of 2006, onions were worth $3-4 billion 
dollars in the U.S retail market (Burden, 2007). The average 
American consumes around 21 pounds of onion a year. 
Onions are also helpful in lowering the risk of heart disease 
and colon cancer (Galmarini, 2001). However, onions are still 
a minor crop that receives little funding for improvement. 
There is a need to develop cheaper tools for improving onion 
genetics, to create sweeter, healthier onions. Therefore, 
finding a cost effective way to sequence the onion genome 
would be beneficial to all. 
 
Onions have one of the largest genomes of economically 
important plants. Their genome is large due to repetitive DNA, 
which composes up to 95% of the complete genome. The 
human genome, which has recently been sequenced, took five 
years to complete. However, the onion has five times more 
DNA than the human (Genome Sizes, 2007).  
 
Studying the genome of an organism helps scientists get a 
better understanding of their subjects. A genome is the 
complete set of DNA of a particular organism. Complete  
 

 
genome sequences are helpful in understanding genetics. 
Genes make up a small portion of the genome. They encode 
for proteins, which are responsible for traits. This is important 
because, knowing the genome of an organism gives scientists 
a base to start from if they want to figure out their genes and 
protein make up.  
 
DNA sequencing is determining the order of genetic 
information. The sequences are determined by reading the 
base pairs inside the DNA. However, not all the regions of 
DNA codes for a protein. These regions are called non-coding 
DNA and consist mainly of repetitive DNA which repeats 
many times in a genome. An example of this would be a viral 
DNA embedded in onion DNA. This happens when the viral 
DNA inserts into the genome and overtime combines with the 
host DNA.  
 
Two methods for sequencing DNA are shotgun sequencing 
and reduced representation. Each method has its advantages 
and disadvantages. Shotgun sequencing is fast and easy, but 
inefficient. On the contrary, reduced representation is 
strenuous, but efficient. People choose to sequence DNA 
using either shotgun sequencing or reduced representation 
depending on their resources and time. 
 
Shotgun sequencing refers to when the DNA is broken up into 
tiny pieces and everything is sequenced. After everything is 
sequenced, the computer looks for overlaps in the sequence 
and combines the pieces of DNA into a map. This method was 
used in sequencing the human genome. Although this method 
is fast and easy with the help of robots, sequencing the onion 
using the shotgun method would cost at least $164 million. 
This method is inefficient because it also sequences the 
repetitive DNA. This method is not practical for large 
genomes because it requires a lot of money and time. 
 
In contrast, another method for sequencing DNA is reduced 
representation. This method is more efficient than shotgun 
sequencing. This procedure only sequences unique DNA using 
a method to eliminate repetitive DNA. However, even though 
this method is efficient, the work is tedious and labor 
intensive. High-cot sequencing and methyl filtration are two 
types of reduced representation sequencing. 
 
Finally, our goal for this project is to find a cost effective way 
for sequencing the onion DNA. If we use reduced 
representation we will get more gene and less repetitive 
sequences than shotgun sequencing for the fraction of the cost. 
We are the first ones to try to sequence the onion using 
reduced representation. By using this method we can isolate 
the important, necessary DNA and sequence it. If we 
accomplish our goal we think that it will help scientists 
sequence other plants with repetitive DNA.  
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Methods and Materials 
 
We used the high-cot sequencing method, a type of reduced 
representation. This procedure was time consuming and 
strenuous, but cost effective. Our mentor Steve Raines gave us 
a reduced representation library of onion. The library is made 
up of E. coli containing pieces of onion DNA in a circular 
piece of DNA called a plasmid. 
 
Growing the E.coli 
First, we created the LB media, a nutrient source for E. coli. 
LB media is a solution that consists of: 10g of tryptone, 10g of 
sodium chloride, 5g of yeast extract, and 1000ml of water. The 
LB media was autoclaved in order to sterilize it. We added 
ampicilin, an antibiotic that the E. coli are resistant to; this 
prevents other intrusive bacteria from growing. Each test tube 
was filled with 5ml of LB media with ampicilin. E. coli 
containing pieces of onion DNA were added from the library. 
The tubes were incubated overnight in a shaker at 37°C at 150 
rpm to grow the E. coli.  
 
Mini Prep Protocol for DNA plasmid 
The next day, we transferred the media into 2-ml micro 
centrifuge tubes. The tubes were spun for two minutes at 
13,200 rpm; this spins the cells down to the bottom of the 
tube. After this, the LB media was poured out, leaving the 
cells at the bottom of the test tubes. The cells were re-
suspended using 250 μl of P1 buffer (QIAGEN, Valencia, 
CA), a salt solution buffer. After this, the cells were broken to 
expose the DNA using 250 μl of P2 buffer, a lysis solution. 
The tubes were inverted four to six times and placed in ice no 
longer than five minutes. Next, we neutralized the lysis 
solution by adding 350 μl of N3 buffer to stop P2 from 
breaking down the DNA. The tubes were inverted 
immediately four to six times to mix the solution until a white 
precipitate formed. Again, the tubes were placed in ice for no 
longer than five minutes. Afterwards, the tubes were 
centrifuged for ten minutes to spin the cellular debris to the 
bottom. 
 
Meanwhile, we labeled 1.5ml micro centrifuge tubes. After the 
centrifugation, the sample was added to the new tubes, leaving 
the cellular debris behind. To precipitate the DNA out of the 
solution, 600μl of isoproponal was added to the tube. The 
tubes were placed on ice between five to ten minutes. They 
were centrifuged for 20 minutes at 4°C. The completion of 
centrifugation resulted in small opaque pellets of DNA. The 
isoproponal was carefully poured off without the DNA pellet 
being lost. The tubes were air dried in the incubator at 37°C 
until it was completely dried.  Later, 200μl of PE buffer, an 
ethanol solution, was added to clean the DNA. To eliminate 
remaining cellular debris, the tubes were placed in the vortex 
to mix the solution. Once more, the tubes were centrifuged for 
ten minutes to spin down the DNA. The PE buffer was poured 
off and air-dried in the incubator for 20 minutes at 37°C, until 

no liquid remained. Finally, we added 20μl of water to 
suspend the DNA. 
 
DNA Sequencing Reaction 
In order to start the DNA sequencing reaction, a master mix 
was prepared. The master mix included: 1100μl of water, 
200μl of big dye, 300μl of 5x buffer, and 100μl of sequencing 
primer. The master mix listed above is sufficient for a well 
plate of 96 sequencing reactions. To each well we added 17μl 
of master mix and 3μl of DNA. The plate was placed into the 
PCR (Polymerase Chain Reaction) machine (Thermocycler 
Eppendorf Mastercycler) for 50 sequencing cycles. Each cycle 
consisted of melting the DNA at 95°C, binding primers at 
55°C, and extending DNA at 62°C.  
 
DNA Sequencing Clean Up 
The following day, the DNA was cleaned. In each well 10μl of 
micro-magnetic beads (Clean SEQ, Agencourt Beverly, MA) 
were added to bind the DNA. Following this, 80μl of 80% 
ethanol were added to each well and agitated, to purify the 
sample. The plate was placed on top of the magnetic plate to 
attract the beads to the bottom of the tube. The plate was left 
on the magnetic plate for two minutes. We carefully extracted 
the ethanol while the plate was on the magnet. To completely 
remove the contaminants, 190μl of 80% ethanol was added to 
each well of the magnetic plate. The magnetic plate was 
placed back for one minute to pull the beads to the bottom of 
the well. Again, the liquid was removed. The well plate was 
taken off the magnetic plate and 50μl of water were added to 
each well. Once more, the well plate was placed onto the 
magnetic plate. In order to submit samples to the 
Biotechnology Center, 20μl of DNA were removed from each 
well. The samples were submitted to the Biotechnology Center 
to read the DNA on an expensive automated machine. Sensors 
in the machine determine the DNA sequence and the results 
were posted online by the Biotechnology Center. 
 
BLAST Search 
The results were downloaded onto a lab computer. We 
analyzed the sequences using a program called the Sequencher 
v4.1. We threw out sequences that contained 1,500 base pairs 
because they were unreadable. We trimmed the plasmid DNA 
sequence leaving only the onion DNA sequence. After we 
trimmed the DNA sequences we threw out sequences under 80 
base pairs.  
 
Next, we searched the sequences against an online database 
using BioEdit Sequence Alignment Editor, a program for local 
BLAST searches. The BLAST search helps us find similar 
results of DNA sequences, which can be compared to our 
sequences. We looked for similarities within rice, onions and 
Arabidopsis databases. Based on the responses from the 
database we categorized the readable sequences into three 
categories: unique sequences, gene sequences, and repetitive 
sequences. 
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Results 
 
We sequenced 648 DNA plasmids. We found that 57% of our 
sequences were unreadable. Out of the readable sequences, 
5% were probable repeats and 9% were probable genes 
(Figure 1).  

 
Figure 1. Categorization of readable sequencing results 
 
Discussion 
 
Looking at the data, we find support for our hypothesis. We 
found that reduced representation is a cost effective method 
for sequencing DNA. By using the reduced representation 
method we got three times more genetic information than if 
we had resorted to using shotgun sequencing.  We can confirm 
this by comparing our sequences to previous shotgun 
sequencing projects. There they found 2.6% genes while we 
found 9% genes. Most of our hits - matches in the database - 
were in the onion database because its sequences were the 
most similar. We also got hits to the rice database because it 
was a closer relative than Arabidopsis and the largest database 
we used. 
 
However, we had a majority of unreadable sequences; some of 
these may have been caused by contamination in the lab. We 
think most of the contaminations were caused during the 
sequencing clean up procedure. During clean up the samples 
might have been contaminated because we were working with 
12 samples at a time. The rest were probably caused during 
DNA isolation due to pipetting errors. In the future, we would 
try to avoid the contamination by practicing our techniques 
more and being more cautious. 
We anticipated to get even more hits to genes, but because our 
sequences were shorter than expected, it did not result that 
way. This is because shorter sequences aren’t as reliable as 
longer sequences. When short sequences are searched on 
databases they can be random matches and are excluded 
because of low probability. This was due to the DNA library 
construction and not the sequencing method. 
 
If we had used shotgun sequencing we would expect up to 
95% of repetitive DNA, however our samples using reduced 
representation had 5% of repetitive DNA. Looking at Figure 1,  
this can be clearly seen.  

 
Unique sequences could be repetitive or gene sequences not 
found in the database. Because we are comparing our data 
with data from other species, the unique sequences could be 
repetitive sequences or gene sequences only found in onion. 
 
Conclusion 
 
In conclusion, we found that using reduced representation is 
more cost effective than using shotgun sequencing to sequence 
the onion DNA. Had we been more careful, our results would 
have been more substantial. For future experiments, we would 
have to be more cautious when cleaning the DNA plate. Even 
though we contaminated half our samples, we contributed 
valuable information to the scientific community for further 
studies on onion. Finally, our study shows that this method is 
qualified for larger scale projects. 
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Abstract 

 
The ecology of artificial ponds has missing areas of 
information.  These ponds have been created to retain storm 
water in impervious surfaces and farmland areas.  Corixidae 
and Notonectidae are two common freshwater insects that 
inhabit these ponds.  In our experiment, we researched the 
effect of submerged aquatic macrophytes on the ratio of these 
two insects in artificial ponds.  The insects were collected 
using a seine net in the Madison area June 10th to June 20th 
2007.  The plants were collected using a rake in the Madison 
area between July 17th and August 1st 2007, and then they were 
identified.  We concluded that the amount of the underwater 
plants do not influence the ratio of the insects.  We did find 
that the richness and macrophyte cover influence the total 
population of these insects combined.  We hope that our 
experiment will be studied further and new information will be 
found. 
 
Introduction 
 
Retention ponds have been appearing in many different 
landscapes, and yet they are given little to no attention by 
science (Renwick et al., 2006).  Artificial ponds - man-made 
ponds - are created to drain storm water for developed areas. 
They are mostly found in suburban areas with impervious 
surfaces or near farms that easily flood during heavy storms or 
continuous rain. The increased number of these storm water 
retention ponds creates new ecosystems that are unknown to 
the human eye. 
 
Aquatic macrophytes, otherwise known as large, underwater 
plants, come in three different forms: submerged (under 
water), emerged (above water), and floating (on water level).  
Some common pond plants include Potamogeton foliosus and 
Potamogeton pusilus.  Potamogeton foliosus and pusilus both 
have linear leaves that are attached directly to the stem, and 
they each have seeds (Borman, Korth, Temte, 170; 184).  A 
major difference between the two macrophytes was that P. 
foliosis had ridged seeds, while P. pusilus had seeds with a  

 
 
smooth surface.  Other submerged aquatic macrophytes 
(SAM) we found consisted of Myriophyllum sibiricum, 
Potamogeton nodosus, Potamogeton crispus and Elodea 
canadensis.  Macrophytes are beneficial because they help the 
herbivores live by giving them food to eat and protection from 
predators as they cling to the vegetation (Arocena et al., 
2007).  We are studying the effect of these plants on the insect 
numbers.  
 
When researching macrophytes we decided to use submerged 
macrophytes because Corixidae feed on these plants but the 
Notonectidae does not.  In the Order Hemiptera, the 
Corixidae, commonly known as water boatmen, are 
herbivorous fresh-water insects (Borror and White, 113).  
They feed on algae and SAM (Borror and White, 113).  
Corixidae use their hind legs to swim and to dive underneath 
water, where they can usually be found clinging to aquatic 
vegetation (Borror and White, 113).  The Corixidaes’ 
herbivorous eating habit contrasts to that of the Notonectidae, 
and that will offer insight to our experiment. 
 
Notonectidae, also referred to as backswimmers, are 
carnivorous and fresh-water (Borror and White, 113).  
Notonectidae feed on smaller insects by piercing into their 
prey and sucking on their body fluids. These insects have the 
name backswimmers because they swim on their backs to 
obtain oxygen and as a defense mechanism against predators 
(Dunn, 128). Much like Corixidae, they use their long, hind 
legs as boat oars to propel them through the water (Dunn, 
128).  
 
We hope to gain a better knowledge of the ecology of artificial 
ponds. Not many people know about these ponds and the life 
living inside of them. We also want to know more about the 
relationship with the SAM and insects. Some of our pollution, 
such as fertilizers, affects plant life in the area. Because of the 
pollution, the abundance of some plants might be altered. We 
hope to contribute to the findings of more information about 
these habitats. 
 
We are researching Corixidae and Notonectidae because they 
are commonly found in the artificial ponds and they have 
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many similarities with one main difference we are interested 
in: their diet preferences.  We believe the different food 
preferences influence the habitat where the insects dwell.  
Therefore, we hypothesize that there is a positive correlation 
between the abundance of SAM and the ratio of Corixidae-
Notonectidae; if the abundance of SAM increases then the 
ratio of Corixidae-Notonectidae will increase as well.  For 
example, Corixidae, a plant-eater, might desire to live in an 
area with more plants to eat, as opposed to Notonectidae who 
may not depend on macrophytes as directly.   

 
Materials and Methods 
 
Insects were collected from thirteen ponds by Sarah Foltz, a 
UW Madison graduate student, between June 10th to June 20th 
2007.  The ponds are in several locations around the Madison 
area, as far east as Cottage Grove and as far west as 
Middleton.  A large net was dragged against the pond floor in 
order to gather insects.  Once the insects were taken to the lab, 
they were killed using ethyl alcohol.  We used Bausch & 
Lomb and Wild Heerbrugg dissecting microscopes to identify 
which insect it was, and then they were counted.  The insects 
were kept in jars full of ethyl alcohol to preserve them and 
keep them from decomposing.  

 
From July 17th to August 1st, data for the submerged aquatic 
macrophytes was collected with a rake that was thrown 10 feet 
from the shore into the water and pulled back to the shore 
against the pond floor in order to pull the submerged 
macrophyte from their roots.  This procedure was done 
multiple times at each pond, the distance of the raking areas 
varied depending on how big the pond was, and the same 
distance was used between each of the sampling locations.  
The larger the ponds the more sampling locations there are.  
After the samples of SAM were taken, we rated the species 
that were found from 1-3, 1 meaning more than 50% of the 
pond was covered by that species, 2 meaning 15-50% of the 
pond was covered by that species, or 3 meaning less than 15% 
of the pond was covered by that species.  We walked around 
the pond to estimate what percentage of the pond floor was 
covered by the SAM.  In the lab we identified the plants using 
Through the Looking Glass: A Field Guide to Aquatic Plants.  

 
Results 
 
Figure 1 of our results shows there is no significant 
relationship between the submerged aquatic macrophyte and 
the insects’ ratio.  The index R² illustrates the significance of 
the influence of SAM on the ratio between the insects.  Since 
we have a low R², which equals 0.0093, we know that there is 
no significance and the SAM does not influence the insects’ 
ratio.  Figure 2 explains the information from Figure 1 in 
written form.  Figure 2 illustrates the pond, the estimated 
percent of macrophyte cover in the pond and the insect ratio.  
The pond A5, with a cover of 0%, had the lowest percent 

macrophyte cover, while pond A10 had a percent cover of 
100%.  This contributed tremendously to our experiment 
because although A10 had a percent cover of 100%, the ratio 
of Corixidae to Notonectidae in that pond was lower than A5.  
Figure 3 displays the plants gathered from each pond.  The 
percentage of the plants found in the ponds ranged from 7% to 
100% and the rankings of plant species were in the range of 1-
2, with the plants in ponds A13 and A16 having rankings of 3.  
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Figure 2. 
 
Although these figures did not support our hypothesis, Figure 
4 and 5 show that the total population of Corixidae and 
Notonectidae is influenced by the plants’ richness and 
macrophyte cover.  The richness symbolizes the number of 
plant species in the pond.  We found out that as the plant 
richness and the macrophyte cover increases the total 
population of the insects increases as well.   

 

Pool % Macrophyte Cover Corixidae:Notonectidae 

A2 70 0.269230769 

A3 98 1.494764398 

A4 20 0.166666667 

A5 0 0.03196347 

A7 30 3.5 

A9 75 0.082329317 

A10 100 0.025641026 

A11 77 16.44444444 

A13 38 13.42857143 

A14 30 0.461538462 

A16 7 0.837837838 
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Figure 3. 
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Figure 4. 
 

Discussion 
 
We can confirm from our data that the abundance of 
submerged aquatic macrophytes does not always influence the 
ratio of Corixidae to Notonectidae and because of this our 
hypothesis is not supported.  We think this happened because 
we did not study all the plant life in the area.  This would 
affect our results because Corixidae might not feed on SAM 
alone, they could possibly feed on emerged and floating plants 
as well.  Also, the Notonectidae may want to use the 
macrophytes just as much as the Corixidae for protection, a 
place to live and for hunting.   
 
Next time we do this experiment we should focus not only on 
the submerged macrophytes but the emerged or floating plants 
as well.  A possible source of error that could have affected 
our results is that we did not know the actual percent cover of 
SAM in each pond; we estimated so there is a possibility of 
over-estimation or under-estimation.  The ponds changed over 
the period of weeks because the clarity was affected by rain. 
Some of the ponds were too deep to see the bottom so we  
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Figure 5 
 
could not make a proper estimation.  Our estimation was also 
affected because the ponds may have been too dark. Also, as 
we estimated the percent cover of each pond, we were along 
the edge, so we could not get a good full look of the pond.  
Two graduate students working in the same lab found a 
largely different percent value of SAM than we did in one 
pond we examined.  This showed us there might be a major 
flaw in our methods. 
 
We did not find results that supported our hypothesis, but we 
did find a fascinating significant correlation between the total 
population of insects and the richness and the macrophyte 
cover of the plants.  Therefore, this study can help future 
experiments studying the ecology of artificial ponds. 

 
Conclusion 
 
We discovered that no significant correlation occurs between 
the abundance of submerged aquatic macrophytes and the 
ratio of Corixidae to Notonectidae.  This means the amount of 
SAM in any artificial pond does not affect the ratio between 
Corixidae and Notonectidae.  However, the total population of 

Pond Species Species 2 % Macrophyte Cover Rank (1-3) Richness 
A1 Milfoil   100 1 1 
A2 Potamogeton foliosus    70 2 1 
A3 Potamogeton foliosus  Potamogeton crispus 98 1,2 2 
A4 Potamogeton nodosus   20 2 1 
A5 none  0   0 
A7 Elodea canadensus   30 2 1 
A9 Potamogeton foliosus  Potamogeton nodosus 75 1,2 2 
A10 Potamogeton foliosus    100 1 1 
A11 Potamogeton foliosus    77 1 1 
A12 none  0   0 
A13 Myriphyllum sibiricum Potamogeton foliosus 38 3,2 2 
A14 Potamogeton foliosus   30 2 1 
A16 Potamogeton pusillus   7 3 1 
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these insects is influenced by two variables: richness of plants 
and macrophyte cover.  The number ponds and their 
ecosystems are growing and they will continue to grow. 
Therefore, ecological research of artificial ponds should 
continue. 
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Introduction 
 
Parasitic roundworms can be one of the primary causes of 
many diseases, illnesses, and discomforts, and they continue to 
be a persisting problem in all societies.  One example of a 
disease caused by this parasite is Ascariasis.  Ascariasis 
affects one out of four people around the world.  It is most 
common in tropical and subtropical areas where sanitation and 
hygiene are poor.   
 
The study of the roundworm Ascaris suum is important 
because it is a simple parasitic nematode that infects pig 
intestines.  It is composed of almost 300 neurons, compared to 
humans, which have more than a billion neurons.  In Ascaris, 
two nerve cords split from the nerve ring, beginning at the 
anterior end and finishing at the posterior end: the dorsal nerve 
cord, which runs along the top of the worm, and the ventral 
nerve cord, which runs along the bottom of the worm.  The 
remaining space is filled with muscle tissue, intestines, gonads 
or ovaries—depending on the gender of the worm—and many 
other things. 
 
Although distinct from one another, scientists have discovered 
that there are similarities between the nervous system of A. 
suum and the nervous system of humans, due to the 
evolutionary relationship between the two species.  According 
to the accepted theory, nematodes and humans split nearly 600 
million years ago.  In comparison to  humans, Caenorhabditis 
elegans—a type of roundworm that is widely studied—and A. 
suum have diverged much later on the evolutionary tree.  This 
in turn, solidifies the theory that A. suum can be studied in 
order to gain a better understanding of the human nervous 
system. 
 
Nobel Prize winner, Sydney Brenner, was the first to establish 
C. elegans as a model organism, a representative of a diverse 
and auspicious group of animals, for the investigation and 
understanding of the nervous system.  This model organism is 
simple; it is easy to grow in large populations, and it is so 
numerous that in one square meter there can be millions of 
individuals.  

 
There are current drug treatments for Ascaris infection, but 
drug resistance is a problem and there are many unwanted side 
effects with current treatments.  Scientists are trying to find 
different types of drug treatments, possibly, through other 
neurotransmitters (NTs). 
 
It has been discovered that C. elegans has receptors for GABA 
and Acetylcholine (ACh) at their neuromuscular junctions.  
The junctions are essentially synapses, the connecting space 
between two neurons, where NTs are released.  The release of 
these specific NTs ultimately results in a muscle contraction or 
muscle relaxation. GABA and ACh are the main NTs of the 
motor nervous system in A. suum (Stretton et. al, 1991).  In A. 
suum, GABA is thought to contribute to sinusoidal body 
posture (Richmond & Jorgensen, 1999). 
 
Receptors for Serotonin and Dopamine have also been 
discovered in C. elegans.  Therefore, we hypothesized that 
since C. elegans has receptors for all four neurotranmitters, 
then A. suum will react to the injection of these 
neurotransmitters due to the presence of these receptors. 
 
The specific NTs studied were Serotonin, Dopamine, ACh, 
and GABA.  In humans, Serotonin is responsible for the 
regulation of anger, body temperature, sleeping, vomitting, 
arousal and wakefullness, and many other things.  Dopamine 
plays an active role in the commonly called “reward system,” 
attention and learning, and motor activity.  ACh is responsible 
for the “fight-or-flight” response that occurs when we are 
presented with a possibly dangerous situation, and it is 
involved in excitatory muscle contraction.  GABA is an 
inhibitory NT that is located in 30-40% of the synapses in the 
brain.  Since GABA is inhibitory, it also can cause muscle 
relaxation. 
 
The significance of our research was focused on two main 
points.  First, to possibly develop a base for better drug and 
treatment options.  Second, the information learned could lead 
to a better understanding of the nervous system of humans and 
other animals. 
 
Materials and Methods 
 
The Ascaris suum worms were obtained from the intestines of 
pigs at the Hormel factory located in Austin, Minnesota.  The 
NTs were dissolved into a saline solution at a concentration of 
1mM.  The saline solution was comprised of 49ml of 1M KCl, 
11.8ml of 1M CaCl2, 9.8ml of 1M MgCl, 34.02g of solid 
NaC2H3O2, and 2.093g of MOPS (a type of buffer solution).  
The NTs were Serotonin, Dopamine, Acetylcholine, and 
GABA.  The variables of time since collection, gender, and 
size were kept constant.    
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In preparation for the experiment, twenty female worms, each 
longer than 30cm to eliminate the variable of size, were 
collected and placed into two beakers in a water bath.  To be 
able to mimic the environment inside of a pig, two beakers 
were filled with a phosphate buffer solution (PBS) maintained 
at a temperature of 37 C°.  The A. suum worms were then 
divided into two groups of ten: the control group (A) and the 
experimental group (B).  Before the experiment could 
physically begin, a loop of thread was tied one centimeter 
from the anterior end in each worm in both groups.  Normally, 
when tied with a loop of thread, the worm reacts by creating a 
sinusoidal wave.  This was used to determine if each worm 
was in a normal state.  If the worm did not show this 
sinusoidal wave, it was discarded and another one was used.   
 
To discover the worm’s reaction to the act of being injected, 
the injection took place 1 cm from the point at which the loop 
of thread was tied.  The worms in Group A were injected with 
a syringe that contained a total of 1ml of the 1mM ringer 
solution; only 0.1ml of the total was injected into each worm.  
The worms in Group B were each injected with a syringe that 
contained one of the four NTs diluted in the 1ml of the 1mM 
ringer solution. For each NT that was used, the same process 
was repeated. 
 
The data was compared and analyzed qualitatively, looking for 
major differences in locomotion, behavior, muscle tension, 
and more between the control groups and the experimental 
groups. 

 
Results 
 
All ten worms used in the GABA group showed muscle 
relaxation after being injected with the GABA 
neurotransmitter.  The relaxation of muscles ranged from 
partial relaxation all the way to uniformed relaxation. 
 
Out of the ten worms used in the control group, only two of 
them showed muscle relaxation after being injected.  One 
worm, after being injected, continued to show the sinusoidal 
wave (Refer to Table 1). 
 
After being injected with the neurotransmitter Acetylcholine, 
only nine out of the ten worms showed the stiff contraction of 
muscles.  Out of those ten worms, four showed signs of 
paralysis. 
 
Eight out of the ten worms used in the control group showed 
normal signs of movement after being injected.  The ninth 
worm appeared to have normal behavior, but its muscles were 
relaxed.  The last worm, after being injected, showed no signs 
of normality and its muscles were stiffened (Refer to Table 2). 
Due to the availability and size of the worms, only nine worms 
were used in each group of the Dopamine experiment.  Of the 
nine worms injected with Dopamine, three showed a wave of 

Table 1. 

 
Table 2. 

 
muscle contractions, which flowed from the anterior end to the 
posterior.  Another three worms showed signs of uniformed 
relaxation or partial relaxation.  Two out of the nine worms 
immediately became contracted and then relaxed.  One worm 
showed signs of the upper-body being relaxed and the lower-
body being contracted. 
 
 Six out of the nine worms used in the control group showed 
signs of normality.  One worm showed muscle contraction and 
abnormal behavior.  One worm had the muscles towards the 
center contracted, but the rest of the body normal.  The last 
worm showed signs of slight relaxation (Refer to Table 3). 
 

Worm GABA Group Control Group 
1 The muscles looked relaxed, 

specifically the anterior half 
Normal 

2 No real difference, but the 
anterior half was relaxed 

Normal 

3 Relaxed Still resembled a 
sinusoidal wave 

4 Relaxation only seen at injection 
point 

Normal 

5 Relaxation was only seen in the 
anterior half 

Normal 

6 Immediate relaxation of muscles 
at the site of injection 

Normal 

7 Immediate relaxation of muscles Normal 
8 Immediate relaxation of muscles 

near the site of injection 
Normal 

9 Immediate reaction of muscles Slightly relaxed 
10 Partially relaxed Slightly relaxed 

Worm Acetylcholine Group Control Group 
1 Muscle tension; not limp, 

but appears to be paralyzed 
Normal 

2 Muscles contracted (stiff) 
and paralyzed 

Normal 

3 Paralyzed Normal 
4 No movement seen, but 

muscles weren’t contracted 
Normal 

5 Immediate paralysis Normal 
6 Paralyzed and contracted 

muscles 
Partially stiffened 

7 Stiff and it slowly coiled 
itself 

Normal and relaxed 

8 Stiff muscles and slow 
movement 

Normal 

9 Coiling slowly and slowly 
becoming stiff 

Normal 

10 No waves present in body 
and stiff 

Normal 
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Table 3. 

 
When injected with Serotonin, all ten worms showed some 
form of relaxation in their muscles ranging from uniformed to 
immediate to a wave of relaxation.  One worm showed a 
curving of the tail while the rest of the body was relaxed. 
 
Out of the ten worms in the control group, six of them showed 
signs of stiffening.  Two worms appeared to have a relaxation 
in their muscles.  The last two showed no difference in 
behavior whatsoever (Refer to Table 4). 
 
Table 4. 

 

Discussion 
 
After being injected with the GABA neurotransmitter, all ten 
worms in the experimental group showed some form of 
muscle relaxation.  This confirmed that A. suum did have 
GABA receptors present.  These results were in accordance 
with the inhibitory effects of GABA on human neurons 
(Richmond and Jorgensen, 1999). 
 
When worms in the ACh group were injected, nearly all 
showed signs of muscle contraction.  The contraction became 
so severe that four worms showed signs of paralysis, 
supporting the theory that the worms do have ACh receptors.  
In humans, ACh is an excitatory neurotransmitter, which 
causes muscle contraction (Richmond and Jorgensen, 1999). 
 
As mentioned earlier, all ten worms were affected by the 
Dopamine.  The reasons for the differences in how they were 
affected are unknown.  Dopamine is responsible for many 
things in humans, including complex brain systems and motor 
activity.  Therefore, it was difficult to hypothesize exactly how 
the Dopamine was going to affect A. suum, if at all.  The 
results confirmed the existence of Dopamine receptors in A. 
suum. 
 
When injected with Serotonin, all the worms in the 
Experimental group reacted with different forms of relaxation.  
In humans, Serotonin is responsible for regulation of anger, 
sleepiness, wakefulness, and many other things. Once again, 
because of its neuronal simplicity of the worm, the reaction to 
this neurotransmitter was difficult to predict; however, the 
outcome did support the presence of Serotonin receptors. 
 
Conclusion 
 
It was found that all four of these neurotransmitters affected A. 
suum upon injection. This supported the hypothesis that all 
four neurotransmitters were present in A. suum. However, it is 
not known where the neurotransmitter receptors are located; 
they could possibly be attached to a neuron, which would then 
signal the muscles to contract or relax, or the receptor could be 
directly attached to the muscle.  The receptor location is a 
topic that could be researched further. 
 
Possible errors could be accounted for due to the size 
differences or differences in states of “mind” of the worms. 
Also errors could have occurred due to inconsistencies in 
injections. 
 
It is our hope that this research will help contribute to the 
knowledge base for the development of better drugs and 
treatments, which might treat against parasites, such as A. 
suum, through the tested neurotransmitters; the ground work 
has been laid for further research to expand upon what has 
been found. This knowledge of A. suum will also help in 

Worm Serotonin Group Control Group 

1 Relaxed Normal 

2 Relaxed Stiffened 
3 Relaxed Relaxed 
4 Immediate relaxation Stiffened 

5 Wave of relaxation Stiffened 

6 Relaxed Relaxed 
7 Wave of relaxation Normal 

8 Relaxed with a coiled tail Stiffened 
9 Relaxed Stiffened 
10 Relaxed Stiffened 

Worm Dopamine Group Control Group 

1 Immediately became 
contracted, then relaxed and 
coiled up 

Normal 

2 Partially relaxed Normal 

3 Initially contracted; wave of 
contractions 

Normal 

4 Wave of contractions A bit of muscle 
contraction shown 

5 Contracted and then relaxed Slightly relaxed 

6 Relaxed Middle is contracted 
and the rest appears 
normal 

7 Relaxed Normal 

8 Upper-body relaxed and 
lower-body contracted 

Normal 

9 Wave of contractions Normal; the tail is 
coiled 

10 No worm No worm 
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gaining a more in depth understanding of the nervous system 
of A. suum.  If enough information of the nervous system of A. 
suum is known, it could lead pharmacy companies to test their 
drugs on the worm instead of humans. 
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Abstract 
 
The migration of Enteric Neural Crest Cells is essential to the 
development of the Enteric Nervous System.  If these cells do 
not completely migrate to the end of the Gastro-Intestinal tract 
then Hirschsprung’s Disease develops.  This disease is fatal 
and affects 1 in 5,000 newborns.   We plan to study the 
migration of these mutant Enteric Neural Crest Cells and 
compare them to the migration of normal Enteric Neural Crest 
Cells. No treatment is available but our experiment will 
hopefully lead to the development of a cure.   
 
Introduction 
 
The gastro-intestinal tract (GI) is the only organ that can 
function independently from the brain. It contains as many 
neurons as the spinal cord and is formed by Enteric Neural 
Crest Cells.  These cells are derived from Neural Crest Cells, 
which migrate from the neural tube into the pharynx and 
continue into the GI.  Once these cells enter the GI, they 
become Intestinal Neural Crest Cells or Enteric Neural Crest 
Cells (ENCCs).  ENCCs are related to stem cells in the sense 
that they can differentiate into any type of neuron in the body.  
These undifferentiated neurons advance from the topmost area 
of the neural tube and enter the GI where they form the 
Enteric Nervous System (ENS). The inability of the ENCCs to 
fully migrate and colonize the end of the colon is called 
Hirschsprung’s Disease (HSCR) (Heanue and Pachnis, 2007). 
We are focusing on figuring out why the ENCCs do not fully 
colonize the colon. It is unknown whether it is a problem with 
the cells themselves or if there is a defect in the colon.   

   
HSCR is caused by the lack of ENCCs in the colon; this 
prevents the development of the ENS in that region and 
thereby causes the undeveloped area to shut down. Since this 
area of the intestine is shut down, those with HSCR are unable 
to pass a bowel. Symptoms associated with this disease 
include frequent constipation, throwing up of bile when first 
born, and a swollen abdominal region. This often becomes a 
much more serious condition called mega-colon in which the 
colon continues to swell and is often times fatal if not treated. 

(What I need to know about Hirschsprung's Disease, 2004)  
HSCR affects one in five thousand newborns which is equal to 
the frequency of getting a hole in one. (The Odds: Ever 
Wondered, 2007) 
 
The relatively high occurrence rate is due to the fact that 
HSCR is a polygenic disease, meaning it is caused by one or 
more mutations in several different genes. One specific 
mutation known to cause HSCR is in the EDNRB gene, which 
codes for the endothelin B protein (ETB).  This protein is 
found on the surface of the cell and helps with the formation 
of blood vessels. The lack of this protein effects the 
production of melanin, which contributes to skin, hair, and eye 
color. Due to these effects, albinism is often linked to HSCR 
and can be used as an early sign of this disease (Genetics 
home reference, 2007). 
 
For our experiment we will be using a mouse model in which 
the EDNRB gene is turned off causing the ETB protein not to 
be produced. We hypothesize that the EDNRB mutant ENCCs 
are moving slower through the GI than the normal ENCCs.  
During the development of the ENS, the ENCCs have a time 
span of three days to reach the end of the colon.  If they are 
unable to make it to the end of the GI in this time span then 
the gut mesenchyme clamps off and no longer allows for the 
development of the ENS.  Due to the fact that these cells are 
progressing at a slower rate, they are unable to colonize the 
entire GI in this three-day time span and therefore stop at the 
area they are located in. To examine this we will attempt to 
isolate the EDNRB mutant ENCCs from the normal cells and 
compare how they migrate.   
 
We are the first people to design an experiment such as this.  
Previous experiments have had one major flaw: they did not 
isolate migration from proliferation.  It is often difficult to tell 
whether a cell is advancing by its own accord (migration) or if 
the cells behind it are pushing them forward as they multiply 
(proliferation).  Previous experiments used gut explants rather 
than using individual cells.  Our experiment will differ 
because we will place the cells down in a low enough 
concentration so that they are far enough apart that they will 
not interact with other cells.  By doing this we will be able to 
monitor migration by itself without confusing it with 
proliferation.   
 
Although our experiment will not directly lead to a cure it can 
serve as a basis for further research on this disease. By 
knowing whether the mutation affects the ENCCs or the GI, 
scientists will know where to focus their efforts for a cure in 
humans. So far only a cure in mice is in view.  It is unknown 
whether a treatment for mice will translate into humans.  
There is also the issue of the experimentation on human 
embryos being very limited due to the confrontation with 
human rights.  
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Materials and Methods 
 
Breeding of Mice    
The mice were created using the Endothelin B receptor 
knockout process.  This process entails mating mice 
containing a Wnt1-Cre Recombinase allele with mice 
containing a lox-EDNRB allele.  The Cre-recombinase gene 
codes for a protein that removes sequences between lox sites.  
In this system the Cre-recombinase gene is under the control 
of the Wnt1 promoter, which is active only in neural crest 
cells.  Therefore the EDNRB gene is excised in neural crest 
cells only.  To induce Yellow Fluorescent Protein (YFP) in 
neural crest cells, we introduced a Rosa26R-lox-stop-lox-YFP 
allele.  In this way, the stop codon is removed and the 
Rosa26R promoter is now free to express YFP.  This specific 
process only occurred in half the embryos due to mitotic 
division.  
 
Preparation and Dissection of Embryos     
The female mice were checked daily for vaginal plugs, which 
indicated that they were impregnated.  Once a vaginal plug 
was found they were labeled as E0.5, meaning the embryo was 
half a day old.  The mothers were kept alive until E10.5 to 
E15.  Once they reached this age range the mothers were 
anesthetized using isofluorane and then killed by spinal 
dislocation.  The bodies were then sprayed down with 70% 
alcohol to sterilize them.  At this point all of the remaining 
processes were completed underneath a sterile hood so as to 
avoid contamination from bacteria and mold.  The abdominal 
wall was then cut open and the uterus was removed.  The 
embryos were removed from the uterus and the amniotic sac 
and placed on a clear culture dish.  They were examined under 
a microscope that was fitted with an YFP light filter, which 
allowed for detection of the yellow fluorescent protein.  Once 
the embryos were separated we placed them in PBS 
(Phosphate Buffer Saline) solution and removed the GI’s.  The 
GI’s were then straightened out, so as to allow easier 
examination of the progression of the ENCCs, and placed on a 
dry culture dish.  They were examined under the YFP 
microscope filter to determine the progression of the ENCC’s 
through the GI’s.  If the ENCCs had not reached the colon 
they were labeled as mutants and those that had full 
colonization were labeled as heterozygous.  These GI’s were 
then separated and placed into 1.5 mL Epindorf tubes.  

 
Cell Dissociation and Plating     
The Eppendorf tubes were then filled with 180 µL of 
collagenase enzyme, and 20 µL DNAase enzyme and the GI’s 
were cut up using dissection scissors so as to increase the 
surface area in which the enzymes could react with the tissue.  
They were then incubated in a 37ºC water bath for fifteen 
minutes to allow the enzymes time to break apart the cells.  
Then the GI’s were dissociated using a standard glass Pasteur 
pipette and then further broken down using progressively 

smaller Pasteur pipettes which were created by burning the 
tips.  Once the cells were broken down into single cells they 
were placed in a medical centrifuge at 4000 RPM for 30 
seconds.  The supernatant was then drawn off and 1 mL of 1x 
DF-12 growth media was added to the pellet of cells and was 
then re-suspended using a micropipette. The cells were 
washed twice with 1x DF-12 to make sure that all of the 
enzymes had been removed.  Afterwards, a small volume was 
removed to be placed on the hemacytometer and the cells were 
counted.  After the current concentration of cells was 
determined we either diluted or concentrated them to the 
desired five million cells per mL.  Through previous 
experiments we determined that five million cells was the 
ideal concentration at which the cells were in high enough 
concentration to survive but still unable to fully interact with 
each other.   As the cells were being dissociated, a mixture of 
10 µL of 5x DF-12 growth media, 40 µL of 1.5 µg/mL 
collagen and 5 µL of 100 µg/mL of beads containing Glial 
Derived Neuorotrophic Factor (GDNF) was prepared.  This 
solution was laid down in single lines on the 35 mm dishes 
and placed in a 37ºC and 5.0% CO2 environment to 
polymerize.  GDNF beads in collagen were used to allow for 
the easy location of the GDNF and so that distances were 
easily measurable.  The cells were then plated, using a P-20 
micropipette, on either side of the GDNF collagen gel line.  
Plated onto one side of the GDNF collagen was a line of cells 
that were HSCR positive GI cells while the other side was 
HSCR negative cells.  These were then placed in the incubator 
for 15 minuets to allow the cells to settle down and adhere to 
the bottom of the dish.  The three lines were then connected 
using a normal collagen mixture (20 µL 5x DF-12 and 180 µL 
of 1.5 µg/mL collagen) and were placed in the incubator and 
allowed to polymerize. 
 
Cell Analysis     
The cells were examined under a phase microscope to 
determine if they were viable for the experiment.  If they were 
healthy enough, they were then examined in order to find an 
area of cells in which the leading edge of the cell front was in 
the same field of view as a GDNF bead.  The distance was 
measured and the viewing area was marked using an Objective 
Marker.  The cells were left overnight in the incubator and 
again examined the next day.  The previous area of view was 
found and the distance between the cells and the GDNF line 
was measured to see if there was a significant difference.    
 
Time-Lapse Fluorescent Microscopy    
After the cells were plated down they were attached 
to a thermostat that maintained the temperature at 
37ºC inside the dish.  The cells were then placed 
under the microscope to film for velocity and 
distance.  The camera attached to the microscope 
took a series of five photos every 15 minutes.  
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These photos were then compiled to produce a 
movie. 
 
Results 
 
Before the main experiment regarding the migration of 
ENCCs could be completed a number of preliminary 
experiments were done.  The first experiment was trying 
different cell concentrations to see which ones produced the 
most successful environment for the cells to thrive.  Different 
dishes were tried at 5 million, 2 million, 1 million, 100,000, 
and 10,000 cells per mL. It was found that the 5 million cells 
per mL was the most successful at keeping the cells alive 
while in culture.  
 
Another set of experiments consisted of different ways of 
plating the cells down in thin enough lines so that the cells 
would not interact with each other.  The first method tested 
was making pulled glass pipettes ranging from 250 μm to 50 
μm.  However, it was difficult to produce consistent lines with 
these pipettes due to the fact that there were blockages from 
cell clumps and also due to water cohesion.  Another method 
tested was the use of P-20 and P-2 micropipettes. The P-20 
micropipette produced the most viable results and was used in 
the final experiment.  
 
When carrying out the final experiment, several trials were 
done regarding the overnight measuring of the cells.  All of 
these trials proved inconclusive due to the fact that multiple 
cells migrated towards the GDNF bead. Once the cell cultures 
were looked at the second day, it was difficult to determine the 
original cell that was used when first measured. 

   
The time-lapse fluorescent microscopy showed that the mutant 
cells were not responding to the GDNF at all.  The YFP cells 
remained in a clump and did not send out any precursor cells 
towards the GDNF.  On the other hand, large amounts of cell 
movement was visible in the heterozygote culture dish.  The 
GDNF bead was completely surrounded with cells while other 
precursor cells were seen migrating in other directions.   
 
Discussion 

  
The time-lapse photography of the mutant and heterozygous 
cells were the only viable results that we were able to base our 
conclusions off of.  This preliminary data shows that mutant 
cells do not respond to GDNF.  Based on the work done in 
Barlow et al. in 2003 it was expected that with the ETB 
receptor removed, ET-3 would no longer be able to inhibit the 
chemo-attractive effects of GDNF.  However, our preliminary 
data suggests that with the removal of the ETB receptor, the 
ENCCs are no longer responsive to GDNF.  
 

One possible explanation for the results gathered is the fact 
that the mutant and heterozygous were dissociated in separate 
tubes and in separate processes.  Unintentional over triturating 
could have caused the mutant cells to die while the 
heterozygous cells stayed alive during the process.  There was 
also the problem that only one dish could be photographed at a 
time.  While the heterozygous were being photographed, the 
mutants were left in the incubator and the cells could have 
died.  
 
Another major source of error is the fact that cells are not used 
to being dissociated.  It is critical to move quickly while 
dissociating so that the cells do not remain suspended in the 
enzymes for too long of a time.  Also, cells may behave 
differently while they are dissociated rather than in the gut.  
There may be cell mechanisms that are unable to be 
monitored, which occur in the gut, that are unable to be 
duplicated while the cells are dissociated.  

 
Conclusion  
 
Based on the preliminary data collected, our hypothesis was 
proven partially incorrect.  We had expected the mutant cells 
would migrate slower than the heterozygous cells.  However, 
the mutant cells did not show any reaction to the GDNF, while 
the heterozygous cells showed an extreme reaction.  The 
preliminary data shows there was a difference in migration, 
but it was not the reaction that we expected.  
 
Further research would be needed to create a sound reasoning 
as to why the mutant cells do not migrate.  No true deductions 
can be made from the small amount of data that our 
experiment collected.  Future replications of this experiment 
could improve upon the method of cell plating in order to 
produce more consistent results.  It would also have been 
helpful to have more knowledge on ETB receptor signaling. 
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Abstract 
 
Daphnia pulex are zooplankton commonly used as 
bioindicators in the aquatic ecosystem to sense changes in the 
environment.  Lab-bred D. pulex are commonly used in 
research, but are bred in the lab under ideal conditions and for 
specific traits, which can lead to them losing their genetic 
diversity.  The purpose of this experiment is to compare lab-
bred and wild D. pulex survivability and reproductive fitness.   
To test this, we exposed D. pulex to different concentrations of 
CuSO4, various seasonal temperatures, and predators’ 
kairomones.  To determine the survivability, we looked at 
birth rates, mortality rates, male to female ratio, and migration 
response.  Most of our results supported our hypothesis 
because wild D. pulex had a higher survival rate and could 
react better to kaironmone, however the lab D. pulex seemed 
to have a higher birth rate than wild D. pulex.  Wild D. pulex’s 
genetic variability and exposures to environmental hazards 
may have led to their superior hardiness against stress.  Lab D. 
pulex’s higher birth rate may be explained by the fact they are 
bred for reproductive fitness.  Our findings suggest that 
scientists may use lab Daphnia for comparison but they must 
be cautious when making conclusions based on their results. 
 
Introduction 
 
Daphnia pulex are small, transparent zooplankton commonly 
found in Northern America.  Often used at water treatment 
plants, they serve as bioindicators.  Because of their 
sensitivity, the Daphnia are used to measure the toxicity of the 
water, quickly responding to stressful changes in the  

 
environment (Batzli et al., 2006).  When under ideal 
conditions, D. pulex reproduce parthenogenically, producing 
females of the same genotype and breed sexually, producing 
males under unfavorable conditions.  Their changes in gender 
can indicate stressful conditions.  
 
An animal’s ability to respond and adapt to its environment is 
essential to its survival, especially in animals such as Daphnia 
pulex.  D. pulex that live in the wild tend to be more frequently 
exposed to environmental dangers such as predators and 
pollutants versus their counterparts in captivity; therefore it 
could be assumed that they will exhibit better 
survivability. Past studies (Barata et al., 2002) have shown 
that Daphnia bred under optimal conditions for particular 
traits will eventually lead to a population less able to deal with 
environmental stresses.   
 
Daphnia in the wild tend to have a greater amount of genetic 
variability, compared to lab-cultured Daphnia (Herbert, 1988). 
Lab-bred Daphnia are under ideal conditions and therefore 
have their limited genotypes reproduced parthenogenically 
(Baird, 1989).  Genetic diversity is essential to Daphnia 
populations in nature because it allows them to adapt to 
different environmental stresses. In addition, these genes hold 
information specific to predation responses. In fact, predator 
response mechanisms are directly derived from their genotype 
(Weider et al., 1993). 
 
These differences led us to wonder whether or not lab-cultured 
Daphnia and wild Daphnia are behaviorally and 
physiologically similar when tested. We compared behavioral 
response and fitness between lab-bred Daphnia and wild 
Daphnia, to provide scientists with a statement on how 
comparable their findings in the lab are to the real world. Due 
to a larger population size and varied stresses in the wild, we 
assume that wild Daphnia have a much greater amount of 
genetic diversity than lab-bred D. pulex. After losing genetic 
diversity and defense strategies against stresses, lab-bred 
Daphnia are expected to have less hardiness than wild 
Daphnia. 
 
We hypothesize that Daphnia pulex from a wild environment 
will exhibit better survivability and reproductive fitness than 
lab-bred D. pulex as measured after increased exposures of the 
algaecide copper sulfate (CuSO4) (0.0 mg/L, 0.025 mg/L, and 
0.05 mg/L), and varied temperature environments (10°C, 
15°C, 20°C), as well as their predator kairomone-induced diel 
migration response. We will base who exhibits better 
survivability on the following variables: the male to female 
ratio, the number of offspring, and the mortality rates. Wild D 
pulex are expected to perform better due to their genetic 
variability and constant exposure to environmental hazards.  
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Methods and Materials 
 
Collecting Daphnia in Lake Mendota 
In order to collect the wild Daphnia pulex, we went to the 
Limnology and Water Chemistry building dock on July 10, 
2007 as well as July 13, 2007.  To collect the Daphnia pulex, 
we used a plankton sweep net, and stored them in 1-quart 
plastic containers.  We went near the end of the dock and 
lowered the plankton sweep net into the water.  Then, the net 
was lowered down to about 3 meters.  It was then slowly 
pulled out of the water.  The plastic canister was removed 
from the sweep net, and its contents were poured into one of 
the 3 1-quart containers.  After filling 3 1-quart containers, we 
took them to a lab in the Limnology building for quick 
observations. 
 
While in the Limnology building, we used a field scope to see 
whether or not we collected a sufficient supply of Daphnia 
pulex.  After finding numerous Daphnia under the scope, we 
took measurements of the Daphnia’s body size and compared 
them to records in a Taxonomic book.  We then recorded the 
measurements and took the 3 containers back to the lab.  
 
Back at the lab, we used pipettes to extract water samples 
from the containers and placed them into 50ml plastic cups.  
We then took some of the samples and observed them under 
the microscope.  Based on the observations, the organisms 
were either placed into 50ml cups filled with synthetic hard 
water labeled Daphnia pulex or discarded as junk. 
 
After we sorted the Daphnia pulex out of the containers, we 
then sorted the juveniles from the adults, as well as those that 
were pregnant versus those that weren’t.  Those Daphnia 
pulex that were adult and not carrying eggs were used for our 
experiments.  
 
Predator Response Test 
In our experiment, we tested the different migration behavior 
between wild and lab-bred Daphnia pulex. We had two testing 
conditions: the control (no kairomones) and the fish treatment 
(kairomones). Since we had to compare wild Daphnia and lab 
Daphnia in both conditions, we used two 2-meter, transparent 
tubes for each condition (four tubes total). Tubes were all 
marked in 40-centimeter intervals in depth, and we counted 
the amount of Daphnia in each interval every 20 minutes for 2 
hours. Five Daphnia from wild and five Daphnia from lab 
were needed for our testing (although we did not have a lot of 
samples of Daphnia in this experiment, we repeated the same 
experiment for three times to make the data more accurate). In 
order to reduce the light effect, all tubes were given the same 
light condition. The light source was placed upon the tubes to 
make the upper portion of the testing environment the 
brightest just like in the natural environment. For the source of 
predator kairomone, we put Pimephales promelas in a tank, 
and kept feeding them Daphnia for a few hours (1 to 2 hours).  

We then used the water in the tank as a water source for the 
fish treatment group. At last, Daphnia were released in the 
middle of the tubes, preventing Daphnia from getting caught 
in the water surface and capturing air under their carapace 
(Wiebke J. Boeing et al., 2006). Since the migration response 
of Daphnia to kairomone was triggered within 20 minutes 
(Dodson, 1988), data collection started at least 20 minutes 
after Daphnia were released. We estimated Daphnia’s 
migration response by calculating mean vertical distribution 
(MVD): MVD=Σ(Di*i)/ ΣDi (“Di” represents the number of 
Daphnia in each interval and “i” means the median of the 
corresponding interval) (Wiebke J. Boeing et al., 2006). 

 
Temperature Test 
We also tested and compared both the wild and lab-bred 
Daphnia’s response to various temperature changes by 
exposing them to 3 varying temperature environments: 10° C, 
15° C, and 20° C. Throughout the experiments, we tracked the 
mortality rate of the Daphnia, birth rates, and the male to 
female ratio of offspring. To store the Daphnia and keep them 
separate from the other groups, we used 3 50-ml beakers in 
which there were 3 Daphnia in each for both lab-bred and 
wild Daphnia (3 cups for wild, 3 cups for lab). By using 3 
Daphnia in each cup, any spread of disease and contaminates 
were limited to that small group so that the rest of the groups 
wouldn’t be compromised. In each of the 3 cups, there was 
one cohort of Daphnia, either lab or wild. In order to maintain 
the quality of the water, any offspring or dead Daphnia were 
removed as soon as possible. For each temperature, the 
Daphnia groups were exposed for a total of 3 days, in which 
the water was at a constant degree (10° C, 15° C, or 20° 
C). Then we took out all Daphnia and put them into optimal 
conditions for additional 9 days.  We observed the Daphnia as 
well as collected data for the number of offspring, mortality 
rate, and male to female ratio everyday though out the whole 
experiment.  

 
Toxin (Copper Sulfate) Test 
At last, we tested and compared the hardiness of wild and lab-
bred Daphnia in the environment that exposed them to the 
toxin CuSO4, which was a very common chemical in the 
aquatic system. Three different concentrations (0.0 mg/l, 0.025 
mg/l, and 0.05 mg/l) were tested in our experiment, and each 
concentration had a total of six beakers (50ml) with 3 Daphnia 
in each beaker (3 beakers for wild Daphnia and 3 beakers for 
lab Daphnia). The maintenance of the CuSO4 concentration 
was an important variable in our experiment. According to 
past studies (Mastin, B. J. and Rodgers J. H. Jr., 2000), Cu2+ 
concentrations will fall below detection 48 hours after its 
initial application. To maintain a certain concentration, 
changing the water in the testing beakers is required. Algae 
were the food source for the Daphnia, but since the CuSO4 is 
also known as a common algaecide, algae should be added 
daily to reduce the effect of CuSO4 on algae. As in all the 
other experiments, the offspring and dead Daphnia were taken 
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out of the beaker immediately. All beakers should be placed in 
the same light and temperature (20°C) conditions in order to 
reduce unwanted variables. The whole experiment lasted for 
12 days. D. pulex were exposed to toxin for 3 days but then 
were taken out and put into optimal conditions for the 
remaining 9 days. The ratio of male to female, number of 
offspring, and the mortality rate were collected daily.  To 
organize our data and observations, we created data sheets 
using Microsoft excel.  The sheets were sectioned off 
according to day, cup, stressor, offspring, and gender. 
 
Results 
 
We were looking for D. pulex’s mortality/survival rate, 
reproductive rate, and gender of offspring to determine their 
fitness toward the stresses from toxin exposure and cold 
temperature. For toxin and temperature experiments, most lab 
D. pulex died in the third day of our experiment (figure 1 and 
figure 3). Furthermore, the lab control group in toxin 
experiment had higher mortality rate than the other 
experimentally stressful groups considered.  We didn’t 
identify any male D. pulex offspring throughout the whole 
experiment.  However, survival rate and reproductive rate in 
these two experiments were collected, as shown below: 
 
Temperature Exposure Test 
The temperature experiment showed that more of the wild D.  
pulex survived (figure 1), but lab D. pulex showed a faster 
birth rate (refer to figure 2). 
 

Survival Number of Each Temperature

0

2

4

6

8

10

1 2 3 4 5 6 7 9 10 11 12

day

n
u

m
b

e
r 

o
f 

s
u

rv
iv

e 10°C lab

15°C lab

20°C lab

10°C wild

15°C wild

20°C wild

 
Figure 1.  The total survival number of D. pulex in each temperature over a 
12-day experiment.  Each temperature group contained nine D. pulex equally 
placed into three cups containing 40ml of synthetic hard water.  Dead D. pulex 
were removed from each cup daily. 
 

Birth Rath of Each Temperature

-1

0

1

2

3

4

5

6

7

0 2 4 6 8 10 12 14

day

bi
rt

h 
ra

te
 (#

of
 b

ab
y 

/ #
of

 

ad
ul

t)

10°C lab

15°C lab

20°C lab

10°C wild

15°C wild

20°C wild

 
Figure 2. The birth rate of D. pulex in each temperature group calculated by 
the total number of offspring produced that particular day divided by the 
number of surviving adults that day, providing an offspring produced per adult 
birth rate.  The data was collected over 12 days, and D. pulex offspring were 
counted, observed, and separated from the experimental cups each day to 
maintain constant spatial and algal availability. 

Within the first 3 days of the experiment, 4 out of 27 lab 
Daphnia cohorts were still alive.  After the 3-day temperature 
shock at 10ºC, 15ºC, and 20ºC, the surviving Daphnia were 
placed into ideal conditions (synthetic hard water and room 
temp 21).  On the 4th day, a small portion of the lab-cultured 
Daphnia (2 out of the 27; one 15°C lab and one 20°C lab, but 
no controls) were alive compared to the majority of the wild 
Daphnia (25 out of 27).  Also on the 4th day, the wild 20°C 
cups began producing offspring.  By day 5, only 1 of the lab-
cultured Daphnia (20°C) remained and all the wild Daphnia 
temperatures had began reproducing.  By day 8, the wild 
Daphnia had produced more offspring than the lab-cultured 
Daphnia 1 to 63, but lab Daphnia had a higher birth rate at 
day 10.  At the end of the experiment on day 12, only 18 out 
of the original 54 Daphnia (both wild and lab) were still alive. 
 
Toxin Chemical (CuSO4) Exposure Test 
As figure 3 shows, the number of surviving Daphnia in the 3 
lab groups had a dramatic drop in the third day of the 
experiment. Only a total of 4 lab-bred D. pulex out of 27 D. 
pulex survived at the third day, and just 1 Daphnia survived 
when the experiment was ended. On the other hand, wild D. 
pulex showed no dramatic change but just slowly decreased in 
total survival number throughout time. The wild 0.05 mg/l 
group had the highest survival rate (about 80.81%) in this 
experiment, wild 0.025 mg/l had the second high survival rate 
(74.75%), and wild control (0.0 mg/l) had a relatively low 
survival rate (66.67%) than the other two wild groups. 
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Figure 3.  The total survival number of Daphnia pulex from each CuSO4 
concentration group over a 12-day experiment. The nine D. pulex in each 
group were separated equally into three cups with a final volume of 50ml 
synthetic hard water containing a determined CuSO4 concentration.  There 
were six groups, three wild and three lab, which contained CuSO4 
concentrations of 0.0 mg/l-0.05 mg/l.  A total of 54 D. pulex were used.  The 
toxin exposure lasted 3 days and then the survivors were observed for the 
remainder of the experiment under optimal water conditions. 
 
Due to the result that the number of surviving lab adult 
Daphnia pulex were much fewer than surviving wild adult D. 
pulex, we couldn’t directly compare the total number of 
offspring they produced to determine who had a better 
reproductive fitness. If we change the total number of 
offspring to the average number of offspring that each adult 
produced (how many offspring per adult), however, we can 
compare their reproductive rate. Figure 2 shows the trends of 
reproductive rate for the whole 12-day experiment.  
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Figure 4.  The birth rate of D. pulex in each CuSO4 concentration group, 
calculated by the total number of offspring produced that particular day 
divided by the number of surviving adults that day, provided an offspring 
produced per adult birth rate. The data was collected over 12 days.  New born 
babies of D. pulex were counted, observed, and separated from the 
experimental cups each day to maintain constant spatial and algal availability.    
 
As figure 2 shows, even though wild Daphnia had much more 
offspring than lab Daphnia, lab Daphnia seem to have a 
greater reproductive rate than those in the wild. All groups’ 
reproductive rates rose as time went by. For most of the time, 
the 0.5 mg/l lab group reproduced slower than lab 0.025 mg/l. 
However, wild 0.5 mg/l and wild 0.025 mg/l didn’t seem to 
have a lot difference in reproductive rate. 
 
Although we couldn’t compare the total number of offspring 
that wild Daphnia and lab Daphnia produced, we could still 
compare the different number of offspring produced by each 
different CuSO4 concentration wild group since they had 
closer surviving number of adult Daphnia. Wild 0.05 mg/l and 
wild 0.025 mg/l had a similar total number of offspring (0.05 
mg/l: 67 offspring, 0.025 mg/l: 64 offspring), however, wild 
control group (0.0 mg/l) only had produced 30 offspring 
during the whole experiment. 
 
Diel Vertical Migration Test 
After doing the same experiment three times for both the wild 
and the lab group, the average 20 minute mean vertical 
distribution (MVD) was calculated and graphed as shown 
below as figure 5 and figure 6.  
 

Average MVD-Wild

-140

-120

-100

-80

-60

-40

-20

0

20 40 60 80 100 120

Time (Min)

D
e

p
th

 (
c

m
)

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

L
ig

h
t 

In
te

n
s

it
y

 (
_

m
o

l) control

crappie

fathead

 
Figure 5. The average MVD of wild D. pulex. The migration response of D. 
pulex was calculated by using the MVD formula (MVD=Σ(Di*i)/ ΣDi), in 
which “Di” is the number of D. pulex in each interval (40cm) and “i” is the 
median of the corresponding interval. MVD is basically calculating the 
average depth of D. pulex at that certain time. We did the same 120-minute 
experiment for three times. MVD’s were calculated for all three experiments, 
and we then took the average MVD of these experiments. 
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Figure 6. The average MVD of lab D. pulex. The migration response of D. 
pulex was calculated by using the MVD formula (MVD=Σ(Di*i)/ ΣDi), which 
“Di” is the number of D. pulex in each interval (40cm) and “i” is the median 
of corresponding interval. MVD is basically calculating the average depth of 
D. pulex at that certain time. We did the same 120-minute experiment for 
three times. MVD’s were calculated for all three experiments, and we then 
took the average MVD of these experiments. 
 
As figure 5 shows, wild Daphnia in both crappie and fathead 
fish-treatment water were at a deeper water level than those in 
the control group with pure water. Even though wild Daphnia 
in both fish-treatment waters slightly migrated upward over 
time, they mostly stayed in a darker and deeper level. On the 
other hand, lab-bred Daphnia didn’t show significant 
downward migration even after they were exposed to 
kairomone water. Figure 6 show us that lab Daphnia in 
control, crappie, and fathead groups didn’t have significant 
difference in depth like wild Daphnia did. 
  
Besides looking at the trends the graphs show, the average 
data is another way to approach and compare our results. After 
taking the overall average of each period MVD, we can see a 
significant difference in wild group (control: -33.7778 cm, 
crappie: -87.6989 cm, fathead: -85.1222 cm), but less 
difference in lab group (control: -55 cm, crappie: -55.9556 cm, 
fathead: -69.8667 cm). 
 
Discussion 
 
We hypothesized that wild Daphnia pulex will exhibit better 
survivability, reproductive fitness, and better predator 
avoidance than lab-bred D. pulex based on 3 different tests. 
The results generally showed that wild Daphnia had higher 
survival rates and more effective kairomone responses while 
lab-bred Daphnia reproduced with the most efficiency.   
 
Throughout the temperature and toxin exposure tests the lab 
Daphnia had extremely high mortality rates.  Even though 
these temperature test results fit our expectations, there were 
still some questions remaining within our data. We assumed 
that the lab Daphnia couldn’t cope with the stresses we 
subjected them to in the two experiments.  However, all the 
control groups had a higher mortality rate than we expected, 
even when in optimal conditions. This unexpected result 
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suggested that there were other variables affecting the 
Daphnia’s survivability. We think this phenomenon may have 
been caused by the stress from delivery and the new living 
environment in our lab.  Another factor may be that they were 
cultured with other unidentified zooplankton.  Being cultured 
with other creatures might affect their living space and food 
sources. In future experiments, we could separate the Daphnia 
pulex from each other and put them in optimal living 
conditions for several days before starting the actual 
experiment.  Another suggestion would be ordering the lab 
Daphnia from a different company to help make sure that 
there are no other stresses that might cause the lab Daphnia to 
be unhealthy. 
 
We didn’t find any male offspring in either the chemical or the 
temperature tests, which means we weren’t able to compare 
the Daphnia’s fitness based on the ratio of female to male 
offspring. It is likely the lab Daphnia didn’t have enough time 
to reproduce (Daphnia require 12 days to mature and complete 
a reproductive cycle) with most of our lab Daphnia dying on 
the third day of our experiment.   Therefore we could not 
identify any future male lab Daphnia offspring.  For wild 
Daphnia, we think either the tests weren’t stressful enough or 
the three-day shocks weren’t long enough to trigger the 
production of male offspring.  Originally, we had planned to 
continuously expose the Daphnia to stresses (temperature and 
toxin exposure) for a 12-day period, but massive lab Daphnia 
deaths on day 3 forced us to put all Daphnia in optimal 
conditions to prevent complete lab Daphnia extinction. The 
changing of experimental design from 12-day long-term stress 
exposure to 3-day short shock might have been a key design 
flaw, a reason for why no male offspring were produced. 
  
All the lab Daphnia in both chemical and temperature tests 
seemed to have higher reproductive rates as noted by the 
higher peeks in the reproductive rate graph. This might 
suggest that even though lab Daphnia cannot survive as well 
as wild Daphnia, they may still reproduce more effectively 
than wild Daphnia.  Our conclusion and supporting findings 
make sense due to the fact that lab-cultured Daphnia are 
chosen for specific traits, specifically fast reproductive rates 
(Barata, 1998).  In order to meet the demand for Daphnia in 
research facilities, quickly reproducing Daphnia are selected 
to maintain the supply. Yet with only one surviving lab 
Daphnia in each concentration or temperature group after the 
third day of experiment, there might be other causes for a 
higher reproductive rate.  For example, there was only one lab 
Daphnia left in all the toxin concentrations as well as one left 
in all of the temperature experiments.  This may suggest that 
those surviving lab Daphnia were the most-fit, and therefore 
able to produce more offspring.  Small sample sizes can lead 
to inaccurate results because they may not be large enough to 
represent the entire population.  In addition, isolated Daphnia 
would have a much greater living space and food availability 
making them particularly successful. 
 

Temperature Exposure Test 
As expected, the lab-cultured Daphnia pulex had a greater 
mortality rate than the wild Daphnia pulex.  By the end of the 
experiment, only 1 of 27 lab-cultured Daphnia remained 
versus 17 of 27 wild Daphnia.  A worthy note to make is that 
within the first 3 days of our temperature experiment, 
unexpectedly 85% of our lab Daphnia had died. This called 
into question the reliability of our results because of limited 
sample size and with no experimental control group to 
compare with. 
 
Chemical (CuSO4) Exposure Test 
Opposed to our expectation, more wild Daphnia pulex died in 
the chemical control group than in any other group.  Wild 
Daphnia in 0.05 mg/l of CuSO4 concentration had 80.81% 
survival rate and in 0.025 mg/l had 74.75% compared to the 
wild control group that only had 66.67% survival rate (maybe 
pure synthetic hard water isn’t the most optimal conditions for 
wild Daphnia). Past studies (Hopkin, 1989) suggest a term, 
“window of essentiality”, which means that there is an optimal 
amount of copper needed in the body of Daphnia. Copper can 
be toxic to Daphnia when the concentration is too high or, 
possibly in our case, too low (B.T.A. Bossuyt and C.R. 
Janssen, 2003). We might have deprived the control Daphnia 
from a minimum amount of copper for survival and therefore 
not provided optimal conditions to the control. Without 
optimal conditions, it was not a comparable control group. 
 
Besides comparing survival rate, reproduction rates are very 
descriptive of Daphnia success. As mentioned earlier in the 
results section, the number of offspring that the wild copper 
sulfate exposure group produced was about two times greater 
than wild control group. Unlike the wild Daphnia pulex in 
0.05 mg/l, the 0.025 mg/l group didn’t show as much of a 
difference in reproductive rates whereas we noticed that the 
lab D. pulex in 0.05 mg/l of CuSO4 concentration reproduced 
slower than other lab D. pulex in concentration of 0.025 mg/l.  
We think this may have occurred because the lab Daphnia 
have never been subjected to toxin before and are particularly 
susceptible the to stress.  A change in their reproductive rate 
indicates this susceptibility. On the other hand, wild Daphnia 
weren’t affected as much, perhaps because they are more 
resistant to chemicals in their environment. Perhaps the natural 
population’s diversity and prior exposure allowed them to 
cope better and reproduce the same as before. We believe that 
wild Daphnia have been exposed to CuSO4 before because it 
is a common algaecide used in aquatic ecosystems. Past 
studies (Maeda et al., 1990 and Muyssen and Janssen, 2001) 
have shown that Daphnia can become more resistant to CuSO4 
when they’ve been cultured in relatively high concentration of 
CuSO4. Our evidence suggests that lab D. pulex’s reproductive 
ability can be affected by higher concentration of CuSO4, but 
without any significant effect on wild D. pulex.  Our findings 
may provide new evidence that wild Daphnia pulex have more 
resistance to CuSO4 than lab D. pulex. 
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Predator Response Via Diel Vertical 
Migration (DVM) Test 
Daphnia’s migration patterns act as a defense strategy to help 
them avoid predators such as fish in lakes.  Daphnia migrate 
downward into deeper, darker waters during the daytime to 
avoid predators and migrate upwards at night towards the 
surface to search for algae, which need sunlight to perform 
photosynthesis (Dodson, 1988 and Boeing et al., 2006). This 
kind of behavior is known as diel vertical migration 
(DVM). DVM can only be performed by Daphnia when 
needed because the frequent migrations waste Daphnia’s 
energy and life-span (Tollrian, 1995). Since environments can 
change rapidly and there are varied kinds of predators in the 
aquatic system, kairomones produced by predators prove to be 
a reliable chemical for wild Daphnia’s defense (Tollrian and 
Harvell, 1999, Lass and Spaak, 2003, and Wiebke J. Boeing et 
al., 2006). However, lab Daphnia do not need these types of 
defenses and they are very expensive to maintain. Therefore 
we predicted that these responses would become less common 
in lab Daphnia populations via genetic drift and lack of 
acclimation. Our results from the migration test showed the 
wild D. pulex quickly responding to the kairomones of fish-
treated water, while lab Daphnia didn’t show significant 
responses.  We noticed that the wild D. pulex tend to migrate 
downward after they’ve been released into fish-treated water. 
On the other hand, lab D. pulex had showed similar response 
to those who were put into normal, non-kairomone water. Lab 
D. pulex didn’t show significant downward migration when 
they were put into kairomone treated water.  These trends 
supported our hypothesis and could have occurred by the 
logical sequence of events described above. 
 
Most of the results supported our hypothesis because wild D. 
pulex had higher survival rates and could react better to 
kairomone, however, the lab D. pulex seemed to have a higher 
birth rate than wild D. pulex.  Wild D. pulex’s genetic 
variability and exposures to environmental hazards may have 
led to their superior hardiness against stress.  Lab D. pulex’s 
higher birth rate may be explained by the fact they are bred for 
reproductive fitness.  Our findings suggest that scientists may 
use lab Daphnia for comparison but they must be cautious 
when making conclusions based on their results.  
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Abstract 
 
Isoprene is a hydrocarbon emitted from the chloroplast in 
some leaves. Isoprene is believed to be emitted to protect 
plants from heat stress. Not all plants emit isoprene. The 
reasons for why some plants emit isoprene and other plants do 
not is currently unknown. Isoprene can also harm the 
environment as it can cause pollution. For our hypothesis we 
plan to test the effects temperature, pH level, and 
concentration of substrate have on the activity level of 
isoprene synthase. Isoprene synthase is an enzyme, which 
catalyzes the elimination of dimethylallyl diphosphate 
(DMADP) to form isoprene. We hypothesized that at higher 
temperatures, lower pH levels and with higher concentrations 
of substrate isoprene synthase would be more active. In order 
to test our hypothesis we conducted numerous assays to test 
the variables. We performed standard assays, Bradford assays, 
and isoprene synthase assays to help support or disprove our 
hypothesis. After conducting these various assays we found 
that isoprene synthase is more active at higher temperatures, 
higher pH levels, and with higher concentrations of substrate.  
 
Introduction 
 
Isoprene (2-methyl 1, 3-butadiene) is a hydrocarbon emitted 
from the chloroplasts of many plants into the atmosphere 
(Silver and Fall, 1995). Isoprene is the dominant hydrocarbon 
moving from plants to air (Wang and Shallcross, 2000). One 
major theory for why isoprene is produced is due to heat stress 
(Sharkey, 2000). This theory suggests that as temperatures rise 
more isoprene is produced and stabilizes the chloroplast 
membranes to protect photosynthesis from the heat. Heat 
stress can be observed when leaves are exposed to high 
temperature and sunlight. The reason why some species don’t 
emit isoprene is currently unknown. Some of the highest 
producers of isoprene are the leaves of poplar trees, oak trees 
and the kudzu plant. Isoprene is also produced by the human 
body but in much smaller quantities than plants (Capodicasa, 
1999).  
 
This research is significant because as temperature rises in 
plants they synthesize more isoprene. Isoprene in the air can 
react with nitrogen oxides to produce tropospheric ozone 

which causes pollution. Global warming could signify that 
plants will have to emit more isoprene to protect themselves 
from damage to photosynthetic processes. Then the increase in 
isoprene production would increase the amount of isoprene 
released to the atmosphere. This would lead to increased 
production of ozone in the atmosphere and hence more 
pollution in the environment. 
 

 
 DMADP           Isoprene 
Figure 1. Reaction by which isoprene is synthesized 

 
In this research, the activity of isoprene synthase will be 
studied. Isoprene synthase is the enzyme that makes isoprene 
in plants. Isoprene synthase takes dimethylallyl diphosphate 
(DMADP), its substrate, and converts it to isoprene (Silver 
and Fall, 1991). We hypothesize that isoprene synthase will be 
more active at higher temperatures because during a sudden 
increase in leaf temperature more isoprene is emitted so 
therefore the enzyme must be more active. We also 
hypothesize that at lower pH levels isoprene synthase will be 
more active because an acid may be more reactive than when 
isoprene reacts at a higher more basic pH level. Finally we 
hypothesize at higher concentrations of DMADP isoprene 
synthase will be more active, because at higher concentrations 
it is more likely for the particles to collide in the right 
orientation. 
 
Previous studies of isoprene synthase from other species have 
tested pH optimum, temperature and substrate concentration 
and have found isoprene synthase to be most active at higher 
pH levels, higher temperatures and with higher concentrations 
of substrate; they believe these factors cause isoprene synthase 
to be more active for many reasons. One group found that at 
higher pH levels the isoprene synthase from Mucuna, a velvet 
bean species, was more active (Kuzma and Fall, 1993). This 
article contradicted our hypothesis but shed light on the idea 
that if the enzyme is located in the chloroplast stroma where 
the pH reaches 8 in the light, isoprene synthase will be more 
active when basic (Silver and Fall, 1991). Another previous 
study had tested the effect of temperature on the activity of 
isoprene synthase. This group found that at higher 
temperatures in Quercus robur isoprene synthase was more 
active and its activity increased exponentially between 15ºC 
and 40ºC (Lehning et al., 1999). This previous study helped 
support our hypothesis that at higher temperatures isoprene 
synthase will be more active. Another article that supported 
our hypothesis mentioned how an increase in protein 
concentration caused an increase in isoprene synthase activity 
(Lehning et al., 1999). From our hypothesis we can apply our 
tested variables to see whether changing the pH level, the 
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temperature and the concentration of substrate of isoprene 
synthase will be beneficial to the plants and our environment. 
 
Materials and Methods 
 
Gas Chromatograph 
The amount of isoprene emitted by a plant species is found by 
collecting the gas from the plant species and then injecting it 
into a gas chromatograph (GC).The gas is collected by 
enclosing a leaf in a chamber and then using a syringe to 
withdraw gas released from the stomata. The GC measures the 
compounds present in a known amount of gas by separating 
them on a column based on different chemical properties. The 
GC is used in our experiments to measure isoprene production 
when different factors such as substrate concentration, 
temperature, and pH level are changed to test our hypothesis. 
 
Isoprene Synthase Assay 
The assay was conducted by first, thawing out isoprene 
synthase (made by Amy Wiberley, Autumn Donohue, Maiken 
Westphal, and Tanya Falbel according to the procedure of 
Calfapietra et al. (2007)), dimethylallyl diphosphate 
(DMADP) (made by Amy Wiberley and Tanya Falbel 
according to the procedure of Davisson et al.(1985)),and 
dithiothreitol (DTT) . Then known amounts of isoprene 
synthase assay buffer, 1 M DTT, 50 mM DMADP, and 
isoprene synthase are pipetted into a vial. The buffer consisted 
of 50 mM bicine, 5 mM potassium chloride, 50 mM 
magnesium chloride, 2 mM sodium fluoride, and 5 % 
glycerol. Once everything was in the vial, the solution was 
mixed and then the vial was immediately capped. After this 
the vial was placed in the incubator for 15 minutes at 37°C, it 
was removed, and an empty syringe and a syringe full of 1mL 
of water were inserted into the vial. Then the empty syringe 
was pulled up on to see if a vacuum had formed.  Next 3 mL 
of water was injected into the vial and the vacant syringe (now 
full of some gas) was pulled up on so at least 3 mL of gas 
from the headspace, the air from the top of the vial, was 
assayed.  After doing so the 3 mL of gas was injected into the 
GC. 
 
Standards 
The standards were used as reference points for the peak areas 
of pure isoprene at different concentrations. The first step in 
making the standards was flushing out the two flasks of 
known volume with nitrogen gas for fifteen minutes. This was 
done to completely rid the flasks of old isoprene left over from 
previous standards. After fifteen minutes, the next step was to 
inject a known amount of liquid isoprene into the high 
standard flask with a syringe. Then the flask was shaken 
vigorously to diffuse the gas throughout. After doing so a 
syringe was used to take a known amount of gas out of the 
high standard flask and inject it into the low standard flask, 
and then was once again shaken vigorously to diffuse the gas. 

Last in this procedure, a known amount of gas was removed 
from the low standard flask (this was done using a syringe) 
and then this was injected into the GC. To complete the 
standard curve, different volumes such as 1 mL, 3mL, 5mL, 
7mL, and 10mL of low standard were injected into the 
machine three times apiece. This procedure was done so it was 
possible to see consistent values for the peak areas of isoprene. 
These values were later used as reference numbers for other 
data.  
 
Bradford Assay 
Bradford assays were conducted to find the concentration of 
isoprene synthase used in our assays. Bradford assays were 
first conducted by placing 790 µl of sodium chloride into 
eighteen cuvettes (fifteen standard cuvettes and three unknown 
cuvettes).  After doing so, 200 µl of Bradford reagent was 
added to the solution in each cuvette. The next step in the 
procedure was to place 10µl, 9µl, 8µl, 7µl, and 6µl of sodium 
chloride into three cuvettes each. Next in the procedure was 
the addition of 4µl, 3µl, 2µl, and1µl of bovine serum albumin 
(BSA) into three cuvettes each (excluding the three blanks and 
the three controls). The BSA was used as a standard. The final 
step in the process was to add 10µl of isoprene synthase each 
of the unknown cuvettes.  After finishing the solution it was 
taken to the spectrophotometer where the absorbance at 595 
nm was measured. After collecting the data we used the 
absorbance of the standards to find out the concentration of 
the unknown. 
 
Results 
 
After hypothesizing that isoprene synthase will be more active 
at higher concentrations of substrate, lower pH values, and at 
higher temperatures; various assays were administered to help 
with the conclusions. Isoprene standards, Bradford assays, and 
isoprene synthase assays were all used to help test our 
hypothesis.  
 
First, standards were made; these were to be used as reference 
points for the data collected from the isoprene synthase assays. 
These numbers were used to help us with estimate the average 
area according to pmol of isoprene (isp.) injected (Figure 2). 
This was done using the formula calculated from the GC 
standard curve. This formula was used to find an estimate for 
the average peak area when a known amount of isoprene was 
injected into the GC. 
 
Bradford assays were also conducted to find the concentration 
of the isoprene synthase used in our GC assays. To find this 
concentration we mixed a solution and then placed it in a 
spectrophotometer that measures the absorbance at a particular 
wavelength. We then graphed this information and calculated 
the formula to determine the concentration of isoprene 
synthase in our assays (Figure 3). We found that the actual 
concentration of the isoprene synthase to be 21.8 µg/ml. This 
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number was used in numerous calculations to determine the 
isoprene synthase rate, pmol/min/µg Isp S, the rate at which 
isoprene is synthesized.  

To accurately test our hypothesis, getting reproducible peak 
area values was very important (Figure 4). 
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Figure 2. Here the standards were run up to five times each to get reproducible numbers at 1mL, 3mL, 5mL, and 10mL. These numbers were later used to help interpret 
other sets of data. 
 

 
Figure 3. Standard curve for Bradford assay showed that as concentration of BSA increased the absorbance increased directly. As a result we found the concentration 
of isoprene synthase in our assays by using the slope intercept equation. 
 
 

 
y = 0.046x + 0.0007 

R 2  = 0.9973 

0 
0.02 
0.04 
0.06 
0.08 

0.1 
0.12 
0.14 
0.16 
0.18 

0.2 

0 2 4 6 
Concentration of BSA (µg/ul) 

A
bs

or
ba

nc
e 

(5
95

) 

 

 

 



 34 

 

Trial #1   Trial #2   Trial #3 

Figure 4. Reproducible peaks 

Isoprene synthase assays were conducted to determine the 
amount of isoprene produced under different conditions.  To 
do this we tested different variables in our assays. First we 
tested the isoprene synthase activity level when different 
concentrations of substrate and enzyme were used. To do so 
we varied the concentration of DMADP and isoprene synthase 
to see their effects on the amount of isoprene produced. From 
this assay, we found that as the concentration of substrate 
increased, the isoprene synthase activity level increased 
(Figures 5 and 6). After varying the enzyme and keeping the 
substrate constant, the amount of enzyme and reaction rate 
(pmol/min) increased directly.  The same occurred as the 
substrate was varied and the enzyme was kept constant, the 
amount of enzyme and the isoprene rate varied directly.  
 

Next we tested the isoprene synthase activity level at different 
pH values ranging from 5.5-10.0. This would help us 
determine whether isoprene was more active when it was 
acidic or basic. To do so we used buffers at different pH 
values and added them as we would a normal buffer in an 
assay. After doing the assays we found that isoprene synthase 
was more active when basic at a pH of 10 (Figure 7). As the 
pH level increased from 5 to 10 in 0.5 unit intervals the 
isoprene synthase rate increased. Although the pH level of 7.0 
didn’t follow the trend the rest of the numbers gradually 
increased as they became more basic. This outlying value may 
be due to a contamination or an error in pipetting the known 
amounts of solution into the vial causing the isoprene peak to 
be greater then expected. 
 

 

 

Figure 5. Varying enzyme with constant substrate 
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Figure 6. Varying substrate with constant enzyme

pH's effect on IspS rate
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Figure 7. Isoprene Synthase (Isp. S.) Activity in relation to pH 
 

 

The last variable we tested was temperature’s effect on the 
activity level of isoprene synthase. To find temperature’s 
effect on the activity level of isoprene synthase, the solutions 
in the vials were heated at different temperatures for fifteen 
minutes and then run through the GC. After this was done, the 
results showed that as temperature increased the isoprene 
synthase activity level increased. Isoprene synthase was found 
to be most active at 40ºC and the activity level gradually 
dropped after being heated above 40ºC (Figure 8). Overall, 
between 35 ºC and 40 ºC seemed to be the ideal temperature 

for optimal isoprene synthase activity, and this is the reason 
we incubated our other assays at 37 ºC. 
 
Discussion 
 
The hypothesis stated that isoprene synthase will be more 
active at higher temperatures, lower pH values, and when 
concentrated with more substrate. We found that at higher 
temperatures, higher pH levels, and when concentrated with 
more substrate isoprene synthase was more active.  
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Figure 8. Temperatures affect on pmol/min/µg Isoprene Synthase. 

As temperature reached 40 ºC isoprene synthase was most active. 
 

We hypothesized that isoprene synthase was more active at 
higher temperatures because it has previously been shown that 
heat stress leads to higher emissions of isoprene (Sharkey, 
2000). This is the theory supported in our laboratory. Our 
findings were supported by various previous studies. In oak 
trees it was found that between 30°C and 40°C isoprene 
synthase was most active (Lehning et al., 1999). This 
supported our finding that between 30°C and 40°C isoprene 
synthase was more active.   

 
We believed that isoprene synthase would be more active at 
lower pH levels due to the belief that an acid was may be more 
reactive than a base. The results from our experiment 
contradicted our hypothesis and showed that as the pH level 
increased isoprene synthase was more active. From these 
results we can conclude that isoprene is more active when in 
basic conditions, as during daylight, when pH level is higher 
in the chloroplast stroma (Silver and Fall, 1991). 

 
When more substrate was more concentrated, isoprene 
synthase was found to be more active, which supported our 
hypothesis. Isoprene emission from leaves is dependent on 
light so the isoprene synthase activity is associated with its 
substrate (DMADP, which enabled the activity of isoprene 
synthase) (Silver and Fall, 1991). From this we can determine 
that when more DMADP is present in the plant isoprene 
synthase will be more active. 

 

Conclusion 
 
In conclusion after doing standards, Bradford assays and GC 
assays we found that at higher temperatures, higher pH levels 
and at higher concentrations of substrate isoprene synthase 
was more active. These finding both supported and 
contradicted our hypothesis as we theorized that at higher 
temperatures, lower pH levels and higher concentrations of 
substrate isoprene synthase would be more active.  After 
reading numerous journals we found that our results from our 
assays were supported by many other previous studies. From 
our data we can hypothesize that more isoprene is produced in 
the day when the chloroplast stroma is more basic and has a 
pH value of 8. Understanding these things about isoprene 
synthase can help predict the amount of isoprene emitted into 
the atmosphere which could then react with Nitrogen Oxides. 
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Abstract 
 
The purpose of this experiment was to study the function of 
the DMI3 gene in root nodule formation. This gene is found in 
all nitrogen fixing plants because they need bacteria to fix the 
nitrogen for them.  Medicago truncatula is a legume plant that 
can naturally fix nitrogen.  Mutant Medicago truncatula seeds 
without the DMI3 gene were used in this investigation. The 
mutant seedlings were transformed using Agrobacterium 
rhizogenes: Phaeo, Dumor, Mega, and Polytri, to have the 
DMI3 gene and DsRED fluorescent protein marker.  If the root 
was glowing red under this filter it meant that the root was 
transformed and most likely contained the DMI3 gene because 
DMI3 and DsRED are within the same region of DNA.  Next 
the roots were inoculated with Sinorhizobium meliloti, a strain 
from the Rhizobium family, to confirm that the transformed 
roots grew nodules and the non-transformed roots did not 
grow nodules. 
 
The experiment, due to time restraints, was not completed.  
The roots of the plants were not checked for nodule growth 
after they had been inoculated with Sinorhizobium meliloti.  
Therefore, the Agrobacterium rhizogenes used were compared 
to one another.  The results indicated that Dumor produced the 
most transgenic roots.  This could be due to ideal conditions 
on those fahraeus plates or that Dumor is possibly a more 
effective Agrobacterium rhizogenes.  This result is significant 
to researchers as they could use Dumor to transform Medicago 
truncatula because it was more effective than the other strains 
used here. 
 
Introduction 
  
Nitrogen fixation is the conversion of atmospheric Nitrogen 
into a form that can be absorbed by plants and other 
organisms.  In order for plants to fix Nitrogen they need to 
interact with bacteria found in the soil.  Rhizobium will be 
used in this experiment to interact with the plants.  It is known 
that all Nitrogen-fixing plants, such as Medicago truncatula, 
contain a combination of DMI1, DMI2, and DMI3 genes (Lum 
et al., 2003).  When any of those genes are missing it creates a 
mutant plant that can’t grow nodules.  No one knows the 
genes’ exact function.  DMI stands for ‘Doesn’t Make  

 
 
Infections.’  This means the plant allows in only bacteria that 
secrete favorable Nod factors when these genes are present, or 
all bacteria are deemed harmful.  We believe that DMI3 causes 
the plants to grow nodules because the gene’s role still has not 
been explained in the Nitrogen fixation symbiosis (Doyle, 
1998). 
  
Medicago truncatula naturally has the ability to fix Nitrogen 
and grow nodules; small outgrowths on the roots of a plant 
where the bacteria fix Nitrogen.  The legume Medicago  
truncatula is a model plant for the legume family because it 
has a quick germination period, can reproduce sexually or 
asexually, and has a small genome, the complete set of genetic 
information of an organism including DNA and RNA, that 
accepts genetic transformation (Philippe et al., 2002).  

 
Rhizobium has a known mutualistic symbiosis with legumes, 
such as Medicago truncatula.  A mutualistic symbiosis is an 
interaction between two organisms, usually from a different 
species, that is beneficial to both of the organisms 
(http://www.answers.com/topic/symbiosis).  In this project the 
Rhizobium convert Nitrogen for the Medicago truncatula 
while the plant provides carbon for the bacteria (Crespi et al., 
2000).  Rhizobium is used because they have a quick growth 
rate, making them time efficient for doing research (Georgiev, 
2007).  

 
Lots of complex things occur in order for the bacteria to 
naturally enter the plants roots.  The bacteria secrete 
compounds called Nod factors so that the plant can distinguish 
them from harmful bacteria (Mylona et al., 1995).  Once the 
bacteria have reached the plants’ root hairs, the hair begins to 
curl where the infection thread is.  The bacteria enter the 
infection thread and begin to integrate with the plants’ genome 
and exchange DNA.  After this has happened the bacteria 
begin to multiply and cause the root hair to grow and form a 
nodule.  In these nodules the bacteria convert Nitrogen and 
release it to the plant (Mylona et al., 1995). 
 
Our hypothesis is that if the mutant Medicago truncatula 
plants are successfully transformed by the Agrobacterium 
rhizogenes to have the DMI3 gene, then the plant will grow 
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nodules that fix Nitrogen because the DMI3 gene is present. If 
our hypothesis is proven correct then this could possibly lead 
to research involving the genetic modification of non-Nitrogen 
fixing plants to grow nodules so that they can fix Nitrogen 
(Mylona et al., 1995).  This would help farmers save money 
on Nitrogen fertilizers because the plants could provide 
themselves with most of the Nitrogen they need through this 
mutualistic symbiosis, which provides the most organic 
Nitrogen to the environment (Esseling, 2004).  Also, with a 
decrease in the use of fertilizers there would be a decrease in 
the amount of pollution in the run off from fertilizers. 

 
To test this, we will use Medicago truncatula plants that are 
mutant because their seeds were taken from genetically 
modified parents which were DMI3 deficient.  The genetic 
modification process will be achieved by using the natural 
interaction between the Medicago truncatula and the 
Agrobacterium rhizogenes. The Medicago truncatula 
seedlings will be inoculated with Agrobacterium rhizogenes, 
which have the DMI3 gene, through a wound made on the 
seedlings’ root tip.  When the Agrobacterium rhizogenes go 
through the infection thread and exchange DNA with the 
plant, they will give the plant the DMI3 and DsRED genes and 
allow for the roots to grow nodules.  The DsRED gene is a 
protein marker that tells where the transformed cells are.  
After the plants have grown for 2-3 weeks they will be 
checked under a microscope with a DsRED filter to see if the 
roots glow red. The red glow is because of the DsRED filter 
on the microscope picking up the DsRED gene in the 
transformed Medicago truncatula plants.  If the roots glow red 
it means that they have accepted the DMI3 gene and DsRED 
protein marker.  Then, the roots will be inoculated with 
Rhizobium to see if nodules formed.  If nodule formation 
occurs on only the transformed roots then we could insert the 
DMI3 gene into plants that can’t fix Nitrogen so they have the 
ability to. 
 
Materials & Methods 
 
Making Stock Solution for Fahraeus Plates 
To prepare the stock solution the following process was used 
for all of the solutions we made: 12.19g of KHPO4, 5.68g of 
Na2HPO4, 0.17g of MnSO4, 0.11g of CuSO4, 0.17g of ZnSO4, 
0.098g of H3BO3, 0.024g of Na2MoO4, and 15g of CaCl2.  
Every chemical was put in a different bottle.  For one solution, 
Fe-EDTA, 5.56g of FeSO4 and 4 mL EDTA had to be 
combined in the same bottle so that they had a combined 
molarity of 0.2.  The desired molarity was used to calculate 
the amount of each substance needed.  For example, to make 
0.5 molar (M) MgSO4, the desired molarity was multiplied by 
its molecular mass, which is 246.28 g/mol, divided by 10 to 
get grams per 100 mL, measured out using an electric scale, 
and then had 100 mL of milliQ water (which is very sterile) 
added to it.  The solution was mixed using a stir bar on a stir 
plate.  

 
After all of the solutions were stirred, each chemical was 
added to the 2 one-liter bottles, except CaCl2: 1 mL MgSO4, 1 
mL KH2PO4, 2 mL Na2HPO4, 2.5 mL Fe-EDTA, 0.1 mL 
MnSO4, 0.1 mL CuSO4, 0.1 mL ZnSO4, 0.1 mL H3BO3, 0.5 
mL Na2MoO4.  The chemicals were added amongst the 2 one-
liter bottles so that each bottle contained half of the total 
chemicals.  MilliQ water was added until there was about 250 
mL of liquid in each bottle.  The purpose of the fahraeus 
medium is to help the plants grow.  Using a pH meter, the pH 
of the fahraeus medium was checked, so that it was ideal for 
plants, and KOH was added, while on the stir plate, until the 
pH was 7.5.   

 
The solution of the one-liter bottle was poured into a 500 mL 
graduated cylinder and MilliQ water was added until there was 
500 mL of liquid.  Then the solution was poured back into its 
bottle.  This process was repeated for the second liter bottle.  
Next, 7.5 g of agar was measured out on the electric scale and 
poured into each bottle.  The bacteria that may have been in 
the objects being used had been eliminated in the autoclave 
with exceedingly high temperatures so that only one type of 
bacteria would be interacting with the plants.  The bottles of 
fahraeus medium and CaCl2 had to be autoclaved.   
 
Making Fahraeus Plates 
The bottles were cooled by running cold water on the outside 
of them.  Four fahraeus plates, 9-by-9 inches, were put under a 
UV light in a laminar flow hood for 15 minutes to sterilize 
them.  Next, the plates, bottles, micropipette, and CaCl2 were 
wiped with 70% ethanol and put under a flow hood.  To each 
liter bottle 0.5 mL of CaCl2 was added using a micropipette.  
The bottles were swirled so that the CaCl2 was evenly 
distributed.  Then, about 250 mL of the fahraeus medium was 
poured into each plate.  The plates were left to cool under the 
flow hood.  After the medium had solidified, the plates were 
sealed with parafilm and left under the flow hood until they 
would be used. 
 
Seed Sterilization & Germination 
First, 8 pods of the mutant Medicago truncatula seeds, lacking 
the DMI3 gene, were crushed on a desk with a paddle, both 
covered in ridged rubber to protect the seeds from being 
damaged.  Next, about 60 seeds were picked out with tweezers 
and put into a small beaker.  Under a flow hood, the seeds 
were covered with sulfuric acid (H2SO4) for 8 minutes; 
swirling them every minute so that the entire seed became 
covered with acid.  Next, the sulfuric acid was removed from 
the seeds and put into an extra beaker using a pipette.  The 
acid in the extra beaker was poured in the sink.  Then, the 
beaker was removed from the laminar flow hood and the seeds 
were rinsed 4 times with milliQ water.  Next, the seeds were 
covered with bleach and placed under a flow hood after the 
outside of the beaker and our hands were wiped with 70% 
ethanol.  After 2 minutes the bleach was poured off into 
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another beaker.  The seeds were then rinsed 6 times with 
milliQ water in the flow hood.  The water and bleach were 
poured down the sink. 

 
Next, the seeds were placed in 2 petri dishes with a sterile loop 
on 1% agar and giberellic acid medium, which helps the plants 
grow, with about half of the seeds in each petri dish.  The petri 
dishes were sealed with parafilm, labeled, covered in foil, and 
stored in a refrigerator at 4 degrees Celsius for 2-3 days.  The 
seeds were covered in foil to simulate the dark soil 
environment.  After 2-3 days they were left out in room 
temperature, with the foil, for 1 day. 
 
Inoculating the Seedlings with 
Agrobacterium rhizogenes 
After the 1 day at room temperature, the seeds were ready to 
be inoculated. First, about 500 mL of milliQ water, 8 pieces of 
filter paper, 2 sets of tweezers, and 2 razor blades were 
autoclaved.  Then, all of these materials plus the petri dish 
with Agrobacterium rhizogenes, the 2 petri dishes with the 
seedlings, a micropipette, and the 4 fahraeus plates were put 
under a flow hood.  Before entering the flow hood to begin the 
inoculation, gloved hands had to be sprayed with 70% ethanol.  
The fahraeus plates were unsealed and covered with 2 pieces 
of filter paper each.  The purpose of the filter paper is to keep 
the roots from touching the fahraeus medium.  If the roots 
grew into the medium they wouldn’t be visible under a 
microscope.  The filter paper was positioned along the bottom 
of the plate so that about 3 inches of medium was visible.  The 
filter paper was moistened using the autoclaved milliQ water 
and a micropipette to apply it.  All of the air bubbles were 
smoothed out using the tweezers.  Then the plates were 
covered again. 

 
Next, the seedlings were unsealed.  The top of the petri dish 
was covered with milliQ water.  The good seedlings, meaning 
the seedlings that had long roots, were placed into the water.  
Next, the tip of the roots, about 3 mm, was cut off using a 
razor blade.  After that the fahraeus plates were uncovered and 
the petri dishes with bacteria were unsealed.  Two types of 
bacteria were used; Dumor DMI3 and Phaeo DMI3.  The 
seedlings were gently picked up by the seed with the tweezers, 
so not to crush the seedling, and the root tip was scraped 
across the bacteria until it was completely coated.  Next, the 
seedlings were placed on the fahraeus plate so that the root 
was on the paper and the seed was on the fahraeus medium.  
About 6-7 seedlings were evenly spaced on each plate.  This 
process was repeated for all 4 fahraeus plates so that there 
were 2 plates for each type of bacteria.  (When a second run of 
the experiment was done two new types of bacteria were used, 
Mega DMI3 and Polytri DMI3.) 

 
After all of the seedlings were on a plate, the fahraeus plates 
were covered, sealed with parafilm, and labeled.  Small slits 
were cut into the parafilm to allow gas exchange so that the 

plants could grow.  Next the plates were wrapped in aluminum 
foil where the filter paper was visible and the medium was 
exposed.  The plates were stored in a growth chamber at 20 
degrees Celsius at a 45 degree angle for 3 days so that the 
seedlings wouldn’t fall off of the filter paper and fahraeus 
medium.  Then they were stored at a 90 degree angle for 2-3 
weeks because the roots were strong enough to hold on. 
 
Watering the Plants 
In order to facilitate plant growth the plants were watered 
when there was very little moisture inside of the fahraeus 
plate.  The plants were watered for the first time on the 15th 
day because this process was not in the protocol. Before doing 
this the flow hood was wiped down with 70% ethanol and 
turned on for 15 minutes.  Next, the fahraeus plates were 
placed under the flow hood with autoclaved milliQ water, 
micropipettes, tweezers, and a Bunsen burner.  The foil and 
the parafilm were removed from the fahraeus plates.  To turn 
on the Bunsen burner, the gas was turned on halfway and a 
flint was sparked over the gas.  Once there was a steady flame, 
the tweezers had to be burned for at least 30 seconds to kill 
any bacteria on them; to ensure no cross contamination, the 
tweezers were burned between uses on each plate.  Next, the 
fahraeus plate was unwrapped and unsealed.  After the 
tweezers had cooled, they were used very gently to reposition 
any fallen seedlings so that the roots were on the filter paper 
and the top part, or leafy part, of the plant was on the medium. 

 
Next, using the micropipette the roots were saturated with the 
milliQ water; making sure not to touch the tip to anything 
except the water; to ensure no cross contamination.  If the tip 
did touch the plate a new tip was put on before proceeding.  
The fahraeus plate was closed and sealed with parafilm only 
on the top and bottom sides.  Then, the foil was rewrapped on 
the fahraeus plate so that the filter paper was covered.  This 
process was repeated for all of the plates each time they were 
watered.  When all the fahraeus plates were watered they were 
stored in the growth chamber at 20 degrees Celsius at a 90-
degree angle. 

 
DsRED Gene Check 
In order to know if the DMI3 gene was taken up we used the 
DsRED protein marker, which emits red under a special 
wavelength.  The microscope used had a DsRED filter which 
allowed that wave length to be emitted.  After 2 weeks the 
roots were checked to see if they were transformed, or glowed 
red. 
 
First, the microscope was turned on and then the intensity of 
the laser was increased.  Next, a fahraeus plate was placed 
under the objective lens and the focus knobs were adjusted 
until the roots were visible.  The lights in the room were 
turned off and the brightness of the regular light on the 
microscope was increased. 
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While looking through the eyepiece, the regular light was 
dimmed until only the red glowing appeared.  The plants 
already had a clump of transformed cells from the inoculation; 
which is called the callus.  Any other growth from this would 
be the transformed roots.  The number of roots on each plant 
were counted and described.  This process was repeated for 
each plant and plate.  When all the fahraeus plates were 
checked they were stored in the growth chamber at 20 degrees 
Celsius at a 90-degree angle. 
 
Nodulation Assay 
After 2-3 weeks of growth and the DsRED check, the plants 
were ready to be inoculated with Rhizobium.  After being 
inoculated with Rhizobium, the plants, if they were 
transformed, should grow nodules that fix nitrogen because 
Sinorhizobium meliloti is a bacteria that can interact with 
nitrogen fixing plants. 
 
A petri dish with Sinorhizobium meliloti, the Rhizobium 
bacteria, was filled with autoclaved milliQ water.  Then the 
bacteria were scraped off of the medium with a sterile hockey 
stick.  Next, that solution was poured into a falcon tube.  To 
water the plants a 0.1M dilution of the Rhizobium was needed.  
In order to get this dilution an optical density machine was 
taken.  Two cuvettes were filled with 1800 µL of milliQ 
water.  Then, 200 µL of the bacteria and water solution were 
added to one of the cuvettes.  The machine needed a blank 
reading, which is the solvent without inoculum so that the 
computer will only give you absorbance units for the inoculum 
when it reads the second cuvette.  Therefore, the cuvette with 
just water was wiped off, so there were no fingerprints where 
the reading would be taken from, and put into the machine 
first.  Next, the cuvette with water and bacteria was wiped and 
put into the machine.  Using the absorbance units given by the 
machine (.297), which was then multiplied by 10 to get the 
molarity because it is a 10x dilution, the amount of the first 
bacteria and water solution was calculated. 
 
The equation M1V1 = M2V2 was used, were M is molarity and 
V is volume.  For example, the molarity of the bacteria in the 
cuvette was 2.97 (M1), trying to find the volume of bacteria 
needed (V1), needed a molarity of 0.1 (M2), and wanted to fill 
the falcon tube with 50 mL of solution (V2).  Therefore, 1.68 
mL of the first bacteria solution was needed with 48.32 mL of 
autoclaved milliQ water.  Both of these liquids were put into a 
falcon tube under a flow hood and inverted many times so that 
the dilution was evenly mixed. 
 
Then the fahraeus plates were put under the flow hood and 
unsealed.  The dilution was applied (see watering methods 
above) making sure not to touch the tips to the plate and cause 
cross contamination.  The fahraeus plates were left for about 5 
minutes uncovered so that the Rhizobium could absorb into the 
roots and the filter paper.  Then, the plates were sealed with 
parafilm and wrapped in foil in the same manner as the 

watering method.  The fahraeus plates were stored in the 
growth chamber at 20 degrees Celsius at a 90-degree angle for 
10 days.  Then the plants that had transformed roots were 
checked to see that they had nodules and the non-transformed 
roots were checked to see that they didn’t have nodules. 
 
Results 
 
Due to the time restriction on this experiment it was not 
completed.  However, based on our hypothesis the probable 
results in our experiment after we inoculate the roots with 
Rhizobium are as follows.  The roots that were transformed by 
the Agrobacterium rhizogenes glowed red because of DsRED 
protein marker under a microscope with a DsRED filter. It is 
expected that the roots will grow nodules when inoculated 
with the Rhizobium, Sinorhizobium meliloti, because the DMI3 
gene and DsRED protein marker are within the same region of 
DNA.  The opposite should occur with the non-transformed 
roots. 
 
Although the experiment was not finished to accept or reject 
the hypothesis, observations were made throughout the 
experiment to contribute to the results.  Four types of 
Agrobacterium rhizogenes were used: Phaeo, Dumor, Mega, 
and Polytri.  For all of the strains, after transformation when 
the roots grew, it was usually between ¼” and ½” during each 
routine check.  The plants were checked every other day. 
 
Phaeo and Dumor were the strains used in the first group of 
transformed seedlings.  Three days after transformation the 
seedlings were black on top with roots that appeared normal.  
In the beginning of the experiment the plants grew very 
slowly.  After 15 days the plants were watered for the first 
time.  Five days later the plants on these fahraeus plates 
started to grow taller leafy parts; the plants were greener and 
seemed healthier.  The roots were longer on the Phaeo plates 
than on the Dumor plates, but Dumor produced more 
transgenic roots.  There was no big growth difference between 
Dumor plates.  On the first Phaeo plate the roots grew longer 
than on the second Phaeo plate.  Twenty-two days after 
transformation many of the leaves on these plates began to 
turn yellow.   
 
Mega and Polytri were the strains used in the second group of 
transformed seedlings.  Three days after transformation the 
seedlings were also black on top with healthy roots.  These 
plants were watered 5 days after transformation unlike the 
other group.  Two of the seedlings on the second Mega plate 
had fallen off of the filter paper to the bottom of the fahraeus 
plates 12 days after transformation.  There was no major 
growth difference between the Polytri plates.  On Mega plate 
two, roots grew consistently. 
 
When the DsRED check was performed with the Phaeo strain, 
the first plate had no transgenic roots and the second plate had 
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2 transgenic roots 15 days after transformation.  The Dumor 
strain had 7 transgenic roots and plate two had 10 transgenic 
roots 15 days after transformation.  
 
Discussion 
 
The experiment was not completed because of many reasons.  
One reason is that there wasn’t enough time to see the results 
of the nodulation assay on the first group of plants.  Another 
reason was because of the natural germination time of the 
Medicago truncatula plant.  It takes about 5 weeks for them to 
get to the stage where observations regarding the hypothesis 
can be made.  Another reason is mistakes in the first assay 
causing the experiment to be set back by a week.  In the first 
trial the seedlings stayed in the refrigerator for 4 days making 
them too old to be transformed.  The other possible reason for 
the experiment not being completed is not watering the first 
group of plants until 15 days after transformation.  This could 
have slowed the germination of the plants.  Plants were not 
watered until 15 days after transformation because the 
protocol didn’t tell us to water them, but we thought the filter 
paper was an adequate source of water for the plants to grow 
on. Even though we didn’t water the plants for a long time, the 
plants were still healthy on the 15th day.  
 
Three days after transformation the seedlings were black with 
normal looking roots.  This is probably due to the fact that 
they were not watered and had to redirect where the energy 
was being used by the seedling.  The plants devoted their 
energy to making roots so that they could continue to get 
water.  Most of the roots grew at a steady pace of ¼” to ½” 
every other day because it is probably the pace at which 
Medicago truncatula plants grow. 
 
Based on the results that were collected, the different strains of 
Agrobacterium rhizogenes that were used (Phaeo, Dumor, 
Mega, and Polytri) can be compared.  There were somewhat 
different results with each strain of Agrobacterium rhizogenes. 
 
Since only the first group was checked under a microscope 
with a DsRED filter, Dumor had produced the most transgenic 
roots.  This could be due to the inoculation process.  When 
those seedlings were inoculated they could have been done 
more effectively than the other fahraeus plates.  This result 
also demonstrates that Dumor is an effective Agrobacterium 
rhizogenes for transformation.  It is expected that the seeds 
transformed by the Dumor will have more nodules because it 
had the most transgenic roots when it was checked for the 
DsRED.  The Phaeo should have the least amount of nodules, 
because it had the fewest amount of transgenic roots when it 
was checked for the DsRED. 
 
Phaeo plants, once the watering had started 15 days after 
transformation, started growing very quickly resulting in very 
long roots and tall leafy parts.  The Phaeo plants were 

generally taller than the Dumor plants.  This growth with 
Phaeo could be due to the fact that the plants were mostly 
non-transformed and had no Agrobacterium rhizogenes to 
support.  Therefore, the plants devoted more energy to 
growing leaves, not roots, and just absorbed water as in nature.  
On all four fahraeus plates for these Agrobacterium 
rhizogenes, the leaves began to turn yellow 22 days after 
transformation or 2 days after inoculation.  This could be due 
to the way the Sinorhizobium meliloti was applied.  The 
mixture needed to be a 0.1 dilution, prepared with sterile 
water; this could have drowned the roots in liquid even though 
the fahraeus plates were left open to allow the dilution to 
absorb. 
 
The second group was not checked under a microscope with a 
DsRED filter because there wasn’t enough time, so most of 
the observations were made on the amount of plant growth.  
The plants on these fahraeus plates grew consistently when 
checked.  Two of the seedlings on Mega plate two had fallen 
off probably because the seedlings weren’t placed on to the 
plate as firmly during inoculation as the first group was.  
These seedlings received water 5 days after transformation, 
unlike the 15 that the first group had to wait.  This means that 
the roots didn’t look to the filter paper as a main source of 
water and didn’t attach as strongly as the other roots. 
 
Conclusion 
  
Due to human error there were hindrances in the experiment 
keeping it from being completed.  If the experiment is 
repeated, previous mistakes will be corrected making the 
results more accurate. For example, the materials could have 
been ordered earlier because the experiment was set back by a 
week because of this.  Also, next time a record will be kept of 
when the plants need to have the next step performed on them 
so that previous steps do not need to be repeated.  Since the 
experiment was not completed the hypothesis can’t be 
accepted or rejected.  Therefore we can’t be completely sure 
that the DMI3 gene is the cause of root nodulation. 
 
Given that the experiment was not finished, we believe that 
the transgenic roots would grow nodules and the non-
transgenic roots would not grow nodules because the DMI3 
gene was only present in the transgenic roots.  Dumor might 
have had the most nodules because it had the most transgenic 
roots. Phaeo might have had the least amount of nodules 
because it had the least amount of transgenic roots. Dumor 
might have had the ideal conditions for growth causing it to 
have the most transgenic roots.  The Phaeo might have had the 
least amount of transgenic roots because we might have not 
rubbed enough of the bacteria on the seedlings during 
inoculation or because of the lack of watering for the first 15 
days after transformation. 
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Despite all of that, our research might help future scientists 
save time and energy if they decide to continue research on 
our topic.  It was shown that of the first group, Dumor 
transformed more roots than Phaeo.  Dumor is possibly a 
more effective Agrobacterium rhizogenes in transforming the 
plants.  Researchers could test whether or not this means that 
Dumor produces more nodules than the other Agrobacterium 
rhizogenes used here.  Also, it was shown that watering the 
plants every time there was no condensation in the plates was 
not essential.  The first group of plants had survived without 
water for 15 days and still appeared healthy after this time 
frame.  Researchers could investigate whether or not the filter 
paper would sustain the plants throughout the experiment. 
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Abstract 
 
The Lot 34 Woods below parking Lot 34 are full of invasive 
species such as buckthorn, honeysuckle, and box elder. The 
woods are part of the Lakeshore Nature Preserve, which is 
dedicated to maintaining and preserving natural area along the 
Lake Mendota shoreline. We hypothesized that the canopy 
from the invasive species will cause less light to reach the 
under story, and that the soil pH will be higher where the 
relative density of buckthorn is greater (Heneghan. et al. 
2006). Our data did not match our hypothesis. If we had more 
time maybe we could have surveyed the whole woods. Some 
of the future goals and recommendations are to control 
erosion, to control the native plant population, and to perform 
a more extensive survey of the woods. To conclude our 
baseline data informs the LNP about the existing species and 
the potential for new communities to be established in the Lot 
34 Woods and if the Lakeshore Nature Preserve keeps 
monitoring and controlling invasive species the woods have 
the potential to be restored into a dry mesic woodland. 
 
Introduction 
  
The UW Madison Lakeshore Nature Preserve is an organi-
zation dedicated to restoring and maintaining woodland, 
prairie and wetland ecosystems along the southern shoreline of 
Lake Mendota (LNP 2007). The Lot 34 Woods are part of the 
preserve. The large number of invasive plants has likely 
reduced species richness in the Lot 34 Woods. Species 
richness is a measurement of the number of species within an 
area (EEA 2007).  It is important to maintain a diverse 
community of native plants because high biodiversity 
preserves the soil structure and composition, facilitates 
nutrient storage and cycling, and protects the water quality of 
nearby water bodies (DEST 1993). But since invasive plants 
have been taking over the woods the Lot 34 Woods are not 
rich in species. 

 
The Lot 34 Woods, located to the north of parking Lot 34, are 
part of the 300 acre Lakeshore Nature Preserve. The parking  

 
 
lot is 170 meters long and 25 meters wide (LNP 2007). The 
small woods are bounded by parking Lot 34 to the south, 
Tripp Hall to the west, the lakeshore path to the north and 
Muir Woods to the east.  
 
There are clear signs of human interaction with the Lot 34 
Woods. Human traffic in the parking lot has existed since 
1940 (LNP 2007). Culverts and cement flumes are placed 
along the length of the woods. Those structures help prevent 
erosion from rain water, but their main purpose is to shuttle 
that runoff from the parking lot into the lake. This impacts the 
landscape and the type of native and invasive plants that grow 
there (LNP 2007).  
     
We should care about invasive plants because they take over 
all natural areas in the Lot 34 Woods and also increase erosion 
by preventing the growth of native ground level that holds the 
soil normally (LNP 2007). Since the under story is shaded by 
buckthorn plants are unable to photosynthesize to create food. 
Some of the plants that are responsible for shading out the 
ground layer are buckthorn, honeysuckle; which grows 
various plants out of the same stem.  
  
Invasive plants are harmful to the ecosystem because they 
shade out the under story, they have an allelopathic effect. 
Allelopathy is the inhibition of growth in one species of plants 
by chemicals produced by another species (Vincent, 2006). 
Some of the most “commonly cited effects of allelopathy 
include reduced seed germination and seedling growth (IFAS 
2003)”. Buckthorn has an allelopathic effect on other plants; 
the chemical that it releases is Emodin (Izhaki 2002). Emodin 
is an anthraquinone, an anthraquinone is found naturally in 
some plants like buckthorn (Izhaki 2002). The presence of the 
buckthorn’s allelopathic effect is damaging the ground layer 
by preventing new seedlings from growing (IFAS 2003). 
According to Liam Heneghan buckthorn (Rahmnus cathartica) 
alters soil pH in Midwestern U.S. woodlands (Heneghan. et al. 
2006, Vincent 2006)”. 
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Therefore, we hypothesize that the canopy from the invasive 
species will cause less light to reach the under story, and that 
the soil pH will be higher where the relative density of 
buckthorn is greater (Heneghan. et al. 2006). 
 
The long term goals of this project are to understand more 
about the distribution of these invasive plants and restore the 
native plants, so the data that we take will ultimately serve as a 
reference point during and after the restoration of the woods 
and it will also give ideas for the people who are in charge of 
that area about what plants are  best suited . Our task is to take 
baseline data, and test our hypotheses by collecting data, 
vegetation and soil measurements along interrupted belt 
transects along the Lot 34 Woods. 

 
Controlling these plants will support efforts to establish native 
plants on the shorelines, decrease erosion and storm water 
runoff and improve Lake Mendota water quality.  And if we 
control the invasive plants, those will preserve the beauty of 
the Lakeshore Nature Preserve for the future generations. 
 
Materials 
 

1. 18 inch soil corer 
2. 50 meter tape measure 
3. 1 meter squared quadrat 
4. Deionized water 
5. 2 glass rods 
6. Phenazine pH indicator paper 
7. Washcloth 
8. Munsell soil color chart 
9. Paint holder w/ four holding places 
10. 50, 12 inch White flags 
11. Metal scooper 
12. Needle compass  
13. Ruler 
14. Digital Camera 
15. 150cm tape measure 
16. 4 16oz plastic containers 

 
Methods/Study Design 
 
Baseline data on the Lot 34 Woods were taken before the 
restoration efforts began.   The data that were taken were the 
soil color and texture, pH level of the soil, plant species 
presence/absence and density, leaf litter depth, basal area of 
the trees, and light penetration in quadrants along transects ran 
from Lot 34 to the Lakeshore Path. For vegetation 
measurement, the flag was placed every 5 meters.  Soil 
analyses were performed along transects spaced 20 meter 
apart. Soil samples were taken at one and two thirds of the 
way up each transect.    
 
The tape measure was laid across the length of the woods, and 
each flag was placed in the ground every ten meters. At each 

flag, a compass was used to lay a transect marked by flags 
along a 210 degree bearing. The tape measure was used to 
mark the lines along the compass bearing and white flags were 
used to mark each line. There were 13 transects along the 
Woods. 
 
Plant Density/ Presence Absence List  
The density of the plants was taken by counting each plant 
(how many individuals of each species) was in the quadrat. 
We compiled a list of species that were present in the quadrat 
which accounted for our present absent list.  
 
Basal Area of Trees 
The 150cm tape measure was used to wrap around the whole 
base of the tree to see how big the tree was. Measurements 
were taken as close to the base as possible.  If there was no 
tree inside the quadrat, the measurement was the nearest 
canopy tree with a base area higher than 5cm. 

 
Light Penetration 
The light penetrating was measured by standing in the quadrat 
and looking up at the sky to see how much the light had gotten 
through that area. The estimation that was used was from 1 to 
5. 1 meant that that quadrat was shaded by lots of trees and 5 
meant that that quadrat was not shaded by any trees. A 1 
equals 0 to 20 % light penetration, a 2 is from 20 to 40 % light 
penetration, a 3 is from 40 to 60 % light penetration, a 4 is 
from 60 to 80 % light penetration, and a 5 is from 80 to 100 % 
light penetration. 

 
Soil Texture 
Directly adjacent to each transect that inserted the soil corer 
into the soil as far as it would go and depended on how much 
soil was moist.  If the core got more than one layer, divided 
them into the different sample and labeled as A, B, and C. and 
separated them into different plastic containers. We took a 
small amount of soil and checked to texture. It was estimating 
the proportion of clay, silt, and sand in each layer.  

 
Soil Color Analysis   
The Munsell soil color chart was used to test the soil’s color. 
Soil was placed behind the pages of the book until found the 
match of the color or the color that was really close the soil.  
Identifying the soil color was easy because the book has, 
“approximately 322 color chips are permanently mounted on 9 
charts for basic collection of 7 hues (10R-5Y) (Forestry-
suppliers 2000)”. 

 
Soil pH 
After the texture and color analysis were done the soil was 
combined in a plastic container.  The pH of the soil was 
analyzed by mixing the different layers of the soil that been 
taken together into the plastic container. Soil was scooped 
from the different corners of the plastic container into the four 
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little paint holders. Deionized water was added to the 
depressions and we used glass rods to mix them together.  We 
placed the glass rod into the pH paper once it got wet from the 
mixed. Use the glass rod to drop the water that was wet on it 
to the pH paper. The color changed when the paper got wet 
and compared with the colors that were on the back of the  
Phenazine paper’s pack. It had 7 different colors on it. The 
colors were between the pH readings of 4-7.5. The paper 
measured pH in increments of 0.5 units. 

 
Photographic Documentation 
The camera was used to taken one to five pictures of every 
transect.  Those pictures would be compared to now and then 
after the Lakeshore Nature Preserve restores the woods. 
 
Results 
 
Average soil pH readings were plotted against the buckthorn 
density for upslope samples and downslope samples, and best-
fit lines were added to the scatterplots. The correlation 
coefficient of the upslope was close to zero; the points were 
not fit well to the line (Figure 1).  The buckthorn density was 
not well correlated to the soil pH.  For the downslope, the 
points were also close to zero. Buckthorn density was not well 
correlated to the soil pH (Figure 1). 
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Figure 1. Average soil pH versus buckthorn density for upslope and 
downslope samples.  Best-fit lines are added to each scatterplot, and the 
correlation coefficient (R^2) is shown.  Buckthorn density is not well 
correlated to the soil pH. (For average of the soil pH calculations, n=4). 
 
The average buckthorn relative densities were high in light 
classes of one, two, and three, with values of 0.18, 0.12, and 
0.24 (Table 1).  The class of one meant 0 to 20% light 
penetration, the class of two meant that it had 20 to 40%, and 
three for 40 to 60% light penetration. The class of four had 60 
to 80% light penetration, and the average of the understory 
plant density of 50.7 was high relative to average densities for 
other light understory plant density of 50.7 was high relative 
to average densities for other light classes. However, each of 
the averages had a high standard deviation (Table 1).    
 

Table 1. Average relative density and standard deviation of buckthorn, 
honeysuckle, box elder, and the understory plant density for four class of light 
penetration.  We mention five class of light in this study.   Class one means 
that it is 0-20% of light penetration, class two is 20-40% of the light 
penetration, class three is 40-60% of the light penetration, class four is 60-
80% of the light penetration, and class five is above 80% of light penetration.  
The standard deviation of buckthorn is very high on the light class of one. 

 
The total basal area in cm^2 was used to determine the most 
dominant tree species. The most dominant tree is the red oak 
and is followed by the cottonwood and the elm trees (Figure 
2). Red symbolizes invasive plants and blue symbolizes the 
welcome plants in the Lot 34 Woods. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The total basal area of trees is displayed in cm^2 and shown for 
each tree species from the Lot 34 Woods vegetation survey. Red oak is the 
most dominant tree species in the Lot 34 Woods 
 
The total percentage adds to an estimated one hundred 
percent, which is equivalent to seven of all the soil samples 
taken. There is not a set type of soil. It all varies, but not all 
combinations are found in our samples. Sand is present in the 
uphill samples and silt is present in the downhill samples 
(Table 2).  
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Table 2. The numbers represent the percentage of the seven downhill and seven uphill soil samples taken. Total percent of soil was estimated by using the qualitative 
data taken. Silt is found more often downhill whereas sand is found uphill.

 
Discussion  
 
Soil pH 
The soil pH samples taken helped interpret whether buckthorn 
affected soil pH levels. According to our hypothesis; pH soil 
will be higher where buckthorn is greater. In our results, the 
pH level and relative density of buckthorn were not correlated. 
That showed no relationship between the relative density of 
buckthorn and the soil pH level.   
 
Since emodin the anthraquinone that buckthorn releases 
affects soil chemistry we hoped to find soil that had a higher 
pH level where buckthorn had a higher density. The 
correlation found in our results was not high which proves that 
buckthorn has no effect on the soil chemistry. We found that 
the difference between regular soil pH and abnormal pH was 
not going to be really great. Our equipment was only accurate 
to .5 in pH scale other people had more sophisticated 
equipment than ours. For example, Izhaki had a special pH 
measurement device and was able to see the smallest 
difference in the soil, (Izhaki 2002). Also past research done 
by Liam Heneghan shows that soil pH is affected by 
buckthorn and that where buckthorn density is greater the soil 
moisture level is also higher (L Heneghan et. al. 2006). But 
there is also some studies that show the actual fruit; the 
buckthorn’s berries might be the ones that contain the emodin 
and might have the allelopathic effect on the topsoil and the 
understory, (Vincent 2006). 
 
Light Penetration 
The light penetration measurements in the Lot 34 Woods 
showed us that light was being kept from the understory plants 
and that according to our hypothesis buckthorn density 
affected the light that reached the understory vegetation. Our 
way of measuring the leaf litter might have not been accurate. 
But according to research done by Izhaki the leaves have also 
have an allelopathic effect on the soil (Izhaki 2002). 
Sometimes we found barren quadrats were; leaves were the 
only factor inside. Could this mean that the allelopathic effect 
they have prevents other species from growing? Are they the 
only ones? With an allelopathic effect or do any other present 
specie have an allelopathic effect? Well according to this 
study by Ferguson et. al. they found that there is more plants 
with an allelopathic effect on the soil, another one is box elder.  
 
 

 
In the figure 2, the basal area of red oaks is bigger than any of 
the other species.  For example, buckthorn, and honeysuckle 
had smaller trunks than the oaks.  We have such big oaks in 
the woods because oaks have already been in Wisconsin for a 
long time.  And also we still have other dominant trees such as 
elm and cottonwood. They are usually not a good tree but it 
was ok to have them there.  We have such big trees; that does 
not mean that we have a lot of those dominant species.  It just 
a few of them that still have left.  
 
In the table 2; there are more sand-silt at the uphill because it 
usually had the strong rain storm water runoff from the 
parking lot direct down the hill.  Those strong storms water 
carry the soil down to the bottom of the woods that’s why 
there are more silt-clay and sand-clay at the downhill.  We still 
found some sand-silt at the downslope because the rain water 
not only carries the soil and to put at the bottom of the woods 
but it carry all way past the lakeshore path and then down to 
Lake Mendota.  
 
Conclusion 
 
Our study design was to characterize the vegetation and the 
soil in the lot 34 woods. Lot 34 Woods was a part of the 
Lakeshore Nature Preserve in the UW Madison, WI.  In the 
Lot 34 Woods, there were some of the nonnative species that 
invaded which were buckthorn and honeysuckle.  We care 
about the invasive plant because they invaded the nature area 
and lower the species richness communities.  If they lower the 
species richness, the erosion will increase because there aren’t 
species to hold the soil in place.  Buckthorn also had 
allelopathy to affect the other native species.   
 
Our hypothesis is that the soil pH would be higher where the 
buckthorn density is greater. Our goal is to help give some 
idea for the Lakeshore Nature Preserve design for the 
restoration in the Lot 34 woods.   
 
The samples that we took which were plant density and 
presence/absence list, basal area of the trees, light penetration, 
leaf litter, soil texture, soil color analysis, and the soil pH. We 
took these samples because we want to compare these to the 
hypothesis that we had.  
 
 In our result, table 1 light penetration; we had class 1 to class 
5.  Class 1 meant that the area was very shaded and class five 

 Sand Silt Clay Sand-Silt Silt-Clay Sand-Clay Sand-Silt-
Clay 

Total 

Downhill 0 0.29 0 0.29 0.29 0.14 0 1 

Uphill 0 0 0 0.43 0.29 0.14 0.14 1 
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meant that the area was no shade at all.  There was no of class 
five We found 34 quadrats in the class 1 and 3 quadrats in the 
class 4.  The table said that even though there was very shaded 
but it stills a lot of buckthorn.  That meant that buckthorn can 
grow without any light.  In the Figure 1, soil pH; we only 
measure 20 meter across and one and two third all the way up 
on each transect.  This figure shows that the pH reading verse 
the buckthorn density.  The correlation coefficient of the 
upslope and downslope are close to zero and the points were 
not fit well in the line.  This meant that the buckthorn density 
did not affect the soil pH.  
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