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Editor – in – Chief notes
As Co-Editor-in-Chiefs of QUEST Journal, we are extremely humbled
that our peer-reviewed scientific journal has been so widely received and
accepted by the students and faculty members of Queens University of
Charlotte. Each and every QUEST staff member worked extensively on
troubleshooting, planning and designing the journal. We at QUEST are proud
to have a group of motivated individuals who were willing to cooperate
cohesively in making QUEST Journal a reality. QUEST welcomes every
student at Queens and the data driven research they would like to share with
others. We strongly encourage students to participate in undergraduate
research as it plays an important role in advancing their knowledge,
experience, and sets them apart from other students for future graduate
and/or professional studies. We at QUEST are proud to have provided
students at Queens with a platform to publish their research. We would like to
extend our appreciation to Dr. Scott Weir and Dr. Fred DeAngelis for their
continued guidance and advice in making QUEST the first peer-reviewed
scientific journal at Queens.
Once again, a sincere thank you, to everyone, for making QUEST at Queens
University of Charlotte a success!
With our best regards,
Celine Kong & Marcus Ramos Pearson
Co-Editor-in-Chiefs of the QUEST Journal, 2017
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Increased Abundance of Earthworms Under
Nitrogen-Fixing Plants Compared to NonNitrogen Fixing Plants
Natalia Furr1, Nayla Swanson1, Sydney Memminger1, Carrie DeJaco1
Affiliations: Queens University of Charlotte1
Contact Author : Sydney Memminger, memmingers@queens.edu
Citation : Furr N, Swanson N, Memminger S, & DeJaco C. 2017. Increased abundance of earthworms
under nitrogen-fixing plants compared to non-nitrogen fixing plants. Q.U.E.S.T. Journal. 1: 5-8.
Keywords : nitrogen-fixing, nutrient cycling, decomposition
ABSTRACT: Plant communities affect soil chemistry, which in turn affects organisms within the soil. Soilinhabiting organisms such as earthworms, which play a very important role in decomposition and nutrient
cycling, may be encouraged or inhibited in their contributions to the ecosystem by the types of plants
growing in the soil. This study, conducted in North Carolina, investigated the abundance of earthworms in
the soil under plants that fix nitrogen and under those that don’t. It was hypothesized that more earthworms
would be in the soil under nitrogen-fixing plants than would be under non-nitrogen-fixing plants because
the earthworms would be attracted to the more nutrient-rich plant matter of the nitrogen-fixers. We
assessed earthworm abundances and length in the soil underneath 3 plants, each of 3 nitrogen-fixing species
and 3 non-nitrogen-fixing species. Under the nitrogen-fixing plants, there were significantly greater
numbers of earthworms and the worms were longer than those found in the soil under the non-nitrogenfixing plants. Our results suggest that more rapid nutrient cycling may occur under the nitrogen-fixing plants
than under the non-nitrogen fixing plants

Introduction
Variability in plant communities is bound
to have an effect on abiotic and biotic factors in
their ecosystems. Plants influence soil chemistry,
which goes on to affect the organisms that dwell
in the soil. When plants invade new areas, they
induce slight changes in the soil chemistry,
which can result in higher microbial activity and
larger densities of important decomposers, such
as earthworms (Kourtev et. al. 1999). Increased
abundance of decomposers could lead to chain
reactions as a result of more rapid nutrient
cycling and net nitrogen present in the soil may
be doubled due to nitrogen mineralization
(Steinburg et al. 1996). What changes to the soil
can occur to make it more desirable to certain
organisms? How does that affect the abundance
QUEST

of important organisms, such as earthworms, that
play a large role in decomposition and nutrient
cycling?
Gundale et. al. (2005) found greater
earthworm richness in areas with invasive plants;
higher richness was associated with lower
amounts of leaf litter, high carbon and nitrogen
concentrations in the soil, and larger amounts of
potentially mineralized nitrogen. Bohlen and
Edwards (1995) found that earthworm
populations directly affected nitrogen fluxes,
leading to higher levels of nitrogen present in the
plant tissues themselves, which would eventually
cause higher nitrogen levels in the soil as leaves
fall and decompose. Our study focuses on
differences in abundance and density of
earthworms in soil under nitrogen fixing plants
QUEST-Journal.org

Page | 6
and non-nitrogen fixing plants. We hypothesized
there would be higher abundance and biomass of
earthworms in the soil under nitrogen-fixing
plants, compared to the soil under non-nitrogen
fixing plants. The nitrogen-fixing plants will
have higher N concentrations in their leaves, and
therefore in their leaf litter (Aplet 1990). It is
believed that earthworms will find the leaf litter
with higher N concentrations more palatable or
desirable to live and feed within and, therefore,
will likely be found in larger numbers in the soil
under this leaf litter.
Methods
Study Site
The study was conducted in the
RibbonWalk Nature Preserve in Charlotte, NC
(35.2968° N, 80.8214° W). Within the nature
preserve, there were separate study areas that
contained our desired nitrogen fixers (redbud,
mimosa, and autumn olive) as well as areas that
contained a non-nitrogen-fixing equivalent
(dogwood, pokeweed, and Chinese privet).
Plants were marked with flags, four per plot,
once the proper plant was identified.

A two-factor ANOVA was used to determine
worm count and species interactions.
Results
There was no significant difference in the
average abundance of worms or the average
length of worms among the 3 plant species in
either the nitrogen-fixing or non-nitrogen fixing
groups of plants (p = 0.726, 0.860, respectively).
A total of 282 worms were found under
nitrogen-fixing plants and 40 were found under
non-nitrogen-fixing plants. Nitrogen-fixing
plants had a higher average worm count (31) and
length (7.8 cm) than the non-nitrogen-fixing
plants (4 and 3.2, respectively) (all p < 0.05;
Figure 1; Figure 2). The species interactions
between the non-nitrogen fixing and nitrogen
fixing groups were significant (p<0.05).

Excavation and Data Collection
We found three plants of the same species
within close proximity, and excavated 0.5 meters
away from each. This was done for three
individual plants for each species of interest. In
each sample site, a 0.5 m x 0.5 m hole was dug 3
in. deep, using the previously mentioned flags as
markers, into the ground. The soil was
transferred into a container to hand-sift through
the dirt in search of earthworms. Earthworms
were also opportunistically collected as the hole
was excavated. Collected worms were then
counted and measured (in cm). The soil and
worms were returned to the original plot after
data collection.
Statistical Analyses
One-factor ANOVAs were used to
analyze worm count and worm length under
nitrogen-fixing and non-nitrogen-fixing species.
QUEST

Figure 1 - The average number (+SE) of
earthworms found under nitrogen-fixing and
non-nitrogen-fixing plants (p<0.05).

Figure 2 - The average length (+SE) of worms
(cm) found under nitrogen fixing versus nonnitrogen fixing plants (p<0.05).
QUEST-Journal.org
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Discussion
We had hypothesized a higher abundance
and biomass of earthworms in the soil found
under nitrogen-fixing plants, because Gundale et
al. (2005) and Aplet (1990) found a correlation
between worm abundance and higher nitrogen
levels. It was suggested that the higher nitrogen
levels in the plant matter, and nitrogen pools
upon plant death, would increase the worms’
attraction to areas in which nitrogen-fixing plants
were abundant. The results from our experiment
supported our hypothesis, showing significantly
greater worm numbers and length under
nitrogen-fixing species. The study was
conducted in fall, after a large amount of the
leaves had fallen. During this time leaf litter was
abundant, and many plants had died off. The
possible nitrogen pools created around these
plants would likely explain the drastic
accumulation of worms under the nitrogen-fixers
compared to the non-nitrogen-fixers. Many of
the non-nitrogen-fixing plants had very few
worms, if any were present at all, which were
much shorter than their nitrogen-fixer dwelling
counterparts. We believe this may be due to the
worms leaving the soil under non-nitrogen-fixers
in search of more nitrogen rich soil nearby.
There were some limitations to take into
account. This experiment was done during a dry
period, which could have contributed to a lowerthan-normal worm account. It is possible the dry
period left worms deeper in the soil than the plots
were excavated, due to worms not exhibiting as
much vertical mobility when the soil is not moist.
We also found many nitrogen-fixers in close
proximity to non-nitrogen-fixers, which we
believe could alter the soil and, therefore, the
results. It could be worthwhile to attempt the
experiment once more in different weather
conditions (more rainfall, warmer season) and to
also find a study site that has nitrogen-fixers and
non-nitrogen-fixers more isolated from one
another. We also did not account for the
particular species of worms being collected,
which could affect length and depth at which the
worms dwell.
QUEST

A more in-depth study looking at other
species of nitrogen- and non-nitrogen-fixing
plants could be used to further gather data for the
hypothesis. Looking into other areas, perhaps
with different soil compositions, could be
beneficial as well to see if nitrogen is the driving
factor behind worm abundance. Specifically
collecting data on the levels of nitrogen in the
sampled soil would be a step towards reinforcing
the idea that nitrogen levels drive earthworm
abundance. Once more data is collected, if the
hypothesis is supported, the information could be
applied to areas, such as gardens, that are in need
of higher levels of nutrient cycling through the
increase, or introduction, of nitrogen-fixing
plants. The increase of nitrogen rich plant matter
could lead to greater worm abundance and, as a
result, improve the nutrient cycling for that area.
Reference & Notes
Aplet GH. 1990. Alteration of earthworm
community biomass by the alien Myrica faya in
Hawai’i.Oecologia. 82(3): 414-416.
Bohlen P & Edwards C. 1995. Earthworm effects
on N dynamics and soil respiration in
microcosms receiving organic and inorganic
nutrients. Soil Biology and Biochemistry. 27(3):
341-348.
Gundale MJ, Jolly WM, Deluca TH. 2005.
Susceptibility of a northern hardwood forest to
exotic earthworm invasion. Conservation
Biology. 19(4): 1075-1083.
Kourtev PS, Huang WZ, Ehrenheld JG. 1999.
Differences in earthworm densities and nitrogen
dynamics in soils under exotic and native plant
species. Biological Invasions. 1:56-64.
Steinberg DA, Pouyat RV, Parmelee RW,
Groffman PM. 1997. Earthworm abundance and
nitrogen mineralization rates along an urbanrural land use gradient. Soil Biology and
Biochemistry. 29:427-430.
Scheu S, Theenhaus A, & Jones T. 1999. Links
between the detritivores and the herbivore
system: effects of earthworms and Collembola
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The Negative Effects of Gibberellic Acid
(GA3) on Freshwater Daphnids’ Mortality
and Reproduction
Marcus Ramos-Pearson1, Scott Weir1
Affiliations: Queens University of Charlotte1
Contact Author : Marcus Ramos-Pearson, ramos-pearsonm@queens.edu
Citation : Ramos-Pearson M, Weir S. 2017. The negative effects of gibberellic acid (GA3) on
freshwater daphnids’ mortality and reproduction. Q.U.E.S.T. Journal. 1: 9-16.
Keywords : Daphnia magna, Daphnia pulex, sub-lethal effects, gibberellin, toxicity
ABSTRACT: Gibberellic acid (GA3) is a plant hormone commonly used in the agricultural industry to increase
crop yield. Gibberellic acid is considered a crop additive and thus has been tested for acute toxicity by the
US EPA as required by law. The EPA concluded that it was not hazardous to aquatic invertebrates because
the LC50 concentration was above environmentally relevant levels. However, their conclusion came from an
acute LC50 concentration of one aquatic invertebrate species (Daphnia magna). The purpose of this study is
to expand upon their research due to the lack of data their report provides. This study used a modified EPA
protocol for acute testing of crop additives on aquatic invertebrates. Buffered and unbuffered gibberellic
acid solutions were used to determine if acidity was causing toxicity. Daphnia pulex were used alongside D.
magna as a comparison to determine if they have different sensitivities to gibberellic acid. A chronic study
was done as well using only D. magna. There was no statistical difference in LC50 concentration between the
buffered and unbuffered solution for D. magna. This suggests that the toxicity of gibberellic acid comes from
the structure itself and not from its acidity. There is also no statistical difference between the two species
tested; although, the data suggest that D. pulex may be more tolerant to the compound. The mean number
of offspring per replicate decreased in the three highest concentrations in the buffered acute D. pulex. Sublethal effects could possibly be seen at environmentally relevant levels.

Introduction
With the industrialization of agriculture,
companies have been testing various methods to
increase efficiency and quantity of production
(Curry, 2013). One particular method is to
decrease the amount of time needed for the
desired food product to grow to a harvestable
quality. Another method is to increase the size of
the food product. This can be done by using
chemicals and plant hormones to cause plants to
grow faster than normal. Examples of a
commonly used plant hormones are Gibberellins,
which have been used in the agricultural industry
for decades (Palmer, 1974; Sharma et al., 2014).
QUEST

Gibberellins are a group of naturally
occurring hormones that are involved in plant
growth (Dar et al., 2015). Gibberellic acid (GA3)
is a gibberellin that can be found in most crop
plants as it regulates ripening of fruit and shoot
growth (Bhattacharyya and Jha, 2012; Narula, et
al., 2006). However, agricultural companies
provide more than the natural occurring amount
of gibberellic acid to their crops. When
gibberellic acid is sprayed in the fields, it can
contaminate bodies of water through run-off or
off target spraying, which occurs with
conventional air-assisted spraying (Wei et al.,
2016).
QUEST-Journal.org
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The Federal Insecticide, Fungicide and
Rodenticide Act (7 USCS 136, et seq.) and the
Toxic Substance Control Act (15 USCS 2601)
require the use a model organism to test the
effects of a crop additive. Daphnids are a typical
model species used for aquatic toxicity studies
(Jaafarzadeh et al., 2013). They tend to produce
asexually and thus genetic variation amongst test
subjects is reduced (Baird et al., 1991). Daphnids
are a vital part of the aquatic food chain as they
are primary consumers; therefore, any disruption
to their livelihood could have a dramatic effect
on the ecosystem as they are a key food source
for their predators (Miner et al., 2012).
Gibberellic acid acute toxicity has been
reported by the US Environmental Protection
Agency (EPA). Their acute toxicity tests
determined
environmentally
relevant
concentrations of gibberellic acid was not lethal
as it was above 100 mg/L. The results concluded
that gibberellic acid had a LC50 of 143 mg/L (US
Environmental Protection Agency, 1992). The
US EPA later indicated that gibberellic acid is
practically non-toxic to aquatic invertebrates (US
Environmental Protection Agency, 1995).
However, the non-toxic classification comes
solely from an acute experiment LC50 of a single
species: Daphnia magna. Using multiple aquatic
species is valuable to toxicity classification
because while a species may be commonly used
such as D. magna, it may not be the most
sensitive species (Cairns Jr., 1986). Therefore, it
would be logical to use multiple aquatic
invertebrates to determine the toxicity of
gibberellic acid.
The data reported by the EPA leaves out
other desired information such as whether the
concentrations were buffered or not. This is
desired because a low pH can be detrimental to
the health of aquatic invertebrates. When
Sillanpaa et al. (2002) did their acute toxicity
study with organic acids, they buffered the
solutions
and
used
multiple
aquatic
invertebrates. The EPA further did not report
sub-lethal effects on D. magna caused by
gibberellic acid. Wollenberger et al. (2000)
conducted a study using multiple growth
QUEST

promoting compounds commonly used in the
farming industry and discovered they had caused
D. magna to experience a decrease in clutch size
during reproduction.
The purpose of this research is to expand
upon the previous research on the effects that
gibberellic acid has on the environment. We
designed an experiment that would compare the
effects of buffered and unbuffered gibberellic
acid solutions. They were compared by recording
the pH and the conductivity of the experimental
environment and mortality of daphnids. The data
provided by the US EPA only used Daphnia
magna; therefore, to expand the scope of the
effects gibberellic acid has on aquatic
invertebrates, Daphnia pulex was used as well.
D. magna and D. pulex have different
sensitivities to toxins (Kuster and Elert, 2013).
We also do not know what kind of sub-lethal
effects (e.g., reproduction) gibberellic acid may
have on aquatic species. For these reasons, we
investigated the of gibberellic acid on
reproduction in acute and chronic experiments.
We hypothesize that the unbuffered gibberellic
acid solution will be lethal at a lower
concentration as compared to the buffered
gibberellic acid solution due to the acidity of the
compound. Gibberellic acid will also decrease
the number of offspring in both short term and
long term exposures.
Methods and Materials
Subject Organisms
For this experiment, we used Daphnia
magna and Daphnia pulex that were cultured
from stocks from Aquatic Bio Systems Inc. (Fort
Collins, CO). Each species was cultured
individually in 900 mL glass jars filled with
moderately hard water. We created moderately
hard water using the recipe as follows: 0.473 g
CaSO4 , 0.959 g NaHCO3 , 1.223 g MgSO4 •
7H2O , and 0.039 g KCl per 10 L of deionized
water. All references to water for the remainder
of the paper refers to moderately hard water
unless otherwise stated. These daphnid cultures
were fed 2 mL of algae (Selenastrum
QUEST-Journal.org
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capricornutum) containing 3.0 x 107 cells per mL
on Monday, Wednesday, and Friday. The water
was changed every Friday. Once a month, 1 mL
of a yeast and trout chow mixture (YCT) was
given to each jar. This was done for
approximately eight months before the beginning
of the experiment.

concentration except deionized water was added
instead of the gibberellic acid 5000 mg/L stock
solutions.

To prepare organisms for use in experiments, we
used a variation of the US EPA’s (1996) protocol
for daphnid culturing. Eight to ten individuals
from the stock culture of each species were put
into separate 1 L glass beakers (i.e. D. magna in
one beaker and D. pulex in another). These
culture beakers followed the same feeding and
water changing protocols previously mentioned;
however, YCT was not given. After the
individuals had reproduced (about two to three
weeks), the original daphnids (F0) placed in the
beakers were taken out to ensure they are not
used for this experiment. About five to seven
days after the original daphnids were removed,
the F1 daphnids were old enough to be used for
acute and chronic toxicity experiments.

Prior to placing the daphnids in the jars,
pH and conductivity were recorded in two
randomly chosen replicates from the highest
concentration and the control in every acute
toxicity study. For each experiment, there were
three replicates for every concentration and
every replicate had four daphnids of the same
species. The daphnids of the chosen species were
haphazardly placed into the glass jars. Across
both species, there were 36 glass jars that were
spiked with the buffered stock solution and 36
glass jars that were spiked with the unbuffered
stock solution. We placed the glass jars in a
Thermo Scientific Precision incubator (Fisher
Scientific, Hampton, NH) at a holding
temperature of 20˚ C and on a 12:12 light: dark
cycle. To limit the rate of evaporation, a
translucent sheet of plastic was positioned on top
of the jars. We recorded mortality in each jar
every 24 hours.

Acute Toxicity Study

Chronic Toxicity Study

We carried out four 48-hour acute
toxicity studies. We examined the effects of
buffered and unbuffered gibberellic acid on
Daphnia magna and Daphnia pulex. We used six
different concentrations: 0 mg/L (control), 1
mg/L, 5 mg/L, 25 mg/L, 125 mg/L, and 625
mg/L.
Gibberellic
acid
(99%
purity,
Chemservice, West Chester, PA) was dissolved
in deionized water as it ionized into gibberellin
and H+ ions. Buffered and unbuffered gibberellic
acid 5000 mg/L stock solutions were used for
spiking exposure jars. To buffer the stock, we
added sodium bicarbonate until the solution
reached a neutral pH. Glass jars were filled with
moderately hard water and spiked with the
appropriate amount of the gibberellic acid 5000
mg/L stock solution to total 100 mL. As an
example, the 625 mg/L concentration had 12.5
mL of gibberellic acid 5000 mg/L stock solution
and 87.5 mL of moderately hard water. The jars
were allowed to equilibrate after being spiked.
Control jars were set up similar to the 625 mg/L
QUEST

We carried out a 14-day chronic toxicity
study on D. magna using a buffered gibberellic
acid 5000 mg/L stock solution; however, due to
high control mortality, the experiment only
lasted six days. Three different concentrations of
buffered gibberellic acid were used: 0 mg/L, 1
mg/L, and 100 mg/L. The lowest concentration,
1 mg/L, was chosen because the acute study
showed sublethal effects could be seen between
1 and 100 mg/L. The highest concentration, 100
mg/L, was chosen because the negative effects of
gibberellic acid were anticipated at this
concentration. The glass jars were filled in the
same manner as the jars in the acute experiment.
As an example, a 100 mg/L replicate would
contain 2 mL of the buffered gibberellic acid
5000 mg/L stock solution and 98 mL of
moderately hard water. In a similar manner as the
acute experiment, the pH and the conductivity
were recorded before the daphnids were placed
in the jars. The daphnids were placed in the jars,
after the jars were spiked and allowed to
QUEST-Journal.org
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equilibrate. There were four replicates for every
concentration with every replicate having three
daphnids.
We changed the water every four days.
We recorded pH and conductivity before and
after each water change. We recorded mortality,
the number of offspring, and fed the daphnids 0.2
mL of algae every two days. When the water was
changed, a new set of jars was made that
followed the same set up procedure as the initial
set up. The jars were respiked with every water
changed. The adult daphnids were transferred to
their new respective jars with care so that the
least amount of water from the previous jar was
transferred with them to the new jar. The
offspring from the previous jars were quantified
and not transferred to the new jars. The jars were
kept in the same incubator as the acute
experiment and were under the same conditions.

gibberellic acid solutions were not statistically
different (Table 1). The unbuffered and buffered
solutions suggested similar LC50 concentrations
for D. magna (LC50 ± 95% CI = 256.9 mg/L ± 68
mg/L and 239.9 mg/L ± 68.3 mg/L,
respectively). The buffered gibberellic solution
was lethal to D. pulex at a higher concentration
(LC50 ± 95% CI = 957.6 mg/L ± 256.9 mg/L);
however, due to the high standard error, it is not
statistically different from the concentrations that
were lethal to D. magna. Due to the high control
mortality (25%) in the unbuffered D. pulex
experiment, the LC50 concentration was not
calculated.

Results

LC50
(mg/L)

SE

Lower
CI

Higher
CI

0

0

239.9

69.3

103.9

375.7

1
5
25
125
625

33.3
0
0
16.7
100

0

0

256.9

68

123.62

390.18

1
5
25
125
625

16.7
16.7
8.3
8.3
100

0

0

957.6

337

297.08

1618.12

1
5
25
125
625

0
8.3
8.3
8.3
25

0

25

NC

NC-

NC

NC

1
5
25
125
625

33.3
16.7
16.7
33.3
91.7

Concentration
(mg/L)

Buffered
D. magna

Statistical analysis
We analyzed all data collected using R
statistical software (Ver 3.3.1). We used a loglogit model to estimate the LC50 of gibberellic
acid on the daphnid species in the acute studies
by using the “glm” function from the “MASS”
package in R (Venables & Ripley, 2002). The
standard error was obtained through the “glm”
coding and we calculated the confidence
intervals from the standard error. The effects of
gibberellic acid on the number of daphnid
offspring from the buffered D. pulex acute study
was evaluated using analysis of variance.
Significance within the analysis of variance was
determined by using a posthoc Tukey’s Highly
Significant Difference Test. Due to high control
mortality, low offspring count in all
concentrations in the chronic experiment, and the
early termination of the chronic experiment, the
data collected was not statistically analyzed. For
all tests, each individual jar was the unit of
replication and the alpha value used was 0.05.

48-h
mortality
(%)

Group

Unbuffered
D. magna

Buffered
D. pulex

Unbuffered
D. pulex

Table 1 – Acute toxicity of buffered and unbuffered
gibberellic acid. SE = Standard Error. 95%
confidence levels were used in determining statistical
differences. No statistical differences were shown.
Unbuffered D. pulex data was not calculated due to
high control (0 mg/L) mortality.

From the acute experiment, the LC50
concentrations for the unbuffered and buffered
QUEST
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Mean number of total offspring per jar

The analysis of variance of the number of
offspring from the buffered D. pulex acute study
showed a statistical difference shown in the
treatment data (F5,12 = 4.076, p = 0.0215; Figure
1). A posthoc Tukey’s Highly Significant
Difference Test revealed the control jars were
statistically different from 25, 125, and 625 mg/L
jars (p < 0.05); however, the control jars were not
statistically different from the 1 and 5 mg/L jars
(p = 0.128). The control jars (0 mg/L) had the
highest mean number of offspring per jar (mean
± SE = 10 ± 2.65) while the next highest means
were in the 1 mg/L and 5 mg/L jars (mean ± SE
= 5 ± 1.72; 5 ± 2.65, respectively). The highest
concentration of the buffered gibberellic acid
solution, 625 mg/L, had the lowest mean number
of offspring per jar (mean ± SE = 2.33 ± 2.52).
14

a

12
10

75%. Mortality from the 1 mg/L and 100 mg/L
groups were 92% and 100% respectively.
The pH and conductivity values are
shown for each experiment in table 2. In the acute
studies, values for the replicates exposed to the
buffered solution were all within an acceptable
range: pH of 6.9 to 7.1, and conductivity of 253
µS/m to 270 µS/m. The replicates exposed to the
unbuffered solution had a pH range of 4.1 – 4.5
and conductivity of 227 µS/m to 233 µS/m. In
the chronic study, values for the replicates were
within an acceptable range: pH of 6.7 – 7.1, and
conductivity of 260 µS/m to 276 µS/m. After
each water change in the chromic study, the pH
and conductivity were consistently within the
ranges recorded before the start of the
experiment.
Species

Study

Type of
Solution

Concentration
(mg/L)

pH

Conductivity
(µS/m)

D.
magna

Acute

Buffered

0

7.4

270

Unbuffered

625
0
625

7.1
6.9
4.5

253
257
233

Buffered

0

7.2

258

Unbuffered

625
0
625

6.9
6.5
4.1

264
255
227

Buffered

0

6.7

260

100

7.1

276

a, b
8

a, b

b
b

6

b

4

D.
pulex

2

Acute

0
-2

0

1

5

25

125

625

Concentration of buffered gibberellic acid
(mg/L)

D.
magna

Chronic

Figure 1 – Mean number of offspring from the
buffered D. pulex acute toxicity experiment.
Error bars are the standard error. There is a
statistical difference in the mean number of
offspring within the groups (F5, 12 = 4.076, p =
0.0215). Means that have different letters
represent statistical differences as determined by
a posthoc Tukey’s Highly Significant Difference
Test.

Table 2 – The recorded pH and conductivity
values from the acute and chronic studies. The
values were from one randomly selected
replicate of select concentrations from each
study.

Results from the chronic experiment are
not shown due to high control mortality. The
planned 14-day study was stopped at day 6.
Mortality from the control group at day 6 was

Due to a lack of significant difference in
the buffered and unbuffered D. magna acute
studies, our hypothesis of the unbuffered
concentration having a lower LC50 was not

QUEST

Discussion
Acute data analysis
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supported. However, this might suggest that the
toxicity comes from the structure of the
compound and not the fact that it is acidic. The
pH in the buffered 625 mg/L was essentially
neutral and yet it had caused the same mortality
as its unbuffered counterpart.
While there may not have been a
statistical difference in the LC50s between the
daphnid species, D. pulex did have a much higher
LC50 estimate. This may suggest D. pulex is more
tolerant to gibberellic acid than D. magna.
However, a limitation of the study was the
mortality being less than 50% in any
concentration in the buffered D. pulex acute
study. This caused the LC50 concentration to be
extrapolated beyond the experimental scope.
This also explains the high standard error
associated with that study. We also cannot
compare the buffered study to the unbuffered
study as we did for the D. magna because of the
high control mortality in the unbuffered study.
Even though the buffered D. pulex study
was the only acute study where offspring were
counted, it does provide valuable insight into the
sub-lethal effects of gibberellic acid. The mean
number of offspring in the control and 1 mg/L
may not be statistically different. The mean
offspring count in 1 mg/L was half of the
control’s offspring count. This could have been
due to a redistribution of their energy
expenditure. Knops et al. (2001) exposed D.
magna to toxicants and the D. magna displayed
a reduced weight and reproduction rate while
keeping their metabolic rate constant. Hence in
our study, the D. pulex may have reproduced less
due to expending more energy into breaking
down gibberellic acid that entered their body.
Therefore, we suggest for future research, more
definitive tests on how gibberellic acid affects
the number of offspring should be done.
Overall, our data showed that the acute
LC50 of gibberellic acid is non-toxic. The LC50
was double the concentration that was obtained
by the EPA, which was 143 mg/L. However,
reduced offspring count were statistically seen at
the 25, 125, and 625 mg/L concentrations. This
QUEST

means that more tests should be done to
determine when sub-lethal effects will start to
occur and to determine their severity. Sub-lethal
effects, such as malformation and function loss
of physical structures, have been found in acute
exposures at concentration range of 1.9 mg/L to
130.5 mg/L in D. magna neonates (Wang et al.,
2011). Gibberellic acid has been shown to reduce
fecundity in the terrestrial invertebrate Locusta
migratoria migratoria at a concentration of 125
mg/L (Abedellaoui et al., 2009). While research
has been started in figuring out the sub-lethal
effects of gibberellic acid, more evidence is still
needed.
Chronic data analysis
The data collected was not statistically
analyzed due to the high control mortality and the
study was stopped before it had reached its
completion. The high mortality could have been
due to stressful culture conditions. The daphnids
had more than enough food in their beaker;
consequently, that could have led to the
mortality. D. magna has been reported to become
increasingly sensitive to stress as their food
concentration increases (Smolders et al. 2005).
Therefore, it would be plausible to think the test
subjects died due to the stress of the chronic test
conditions. The beakers the test subjects were
raised in could have been stressful due to
overcrowding (Preuss et al., 2009) as the beaker
they were raised in had 40 to 50 daphnids.
Another reason for high control mortality was
that the F0 could have come from a stressful
culture jar. It has been shown that when parents
were raised in stressful conditions, their
offspring can be affected negatively (Cowgill et
al., 1984) Stress in one generation can affect
generations that come afterwards. However, we
can rule out the chemistry of the water was a
cause in the mortality because the pH was neutral
and the conductivity was similar to the acute
buffered studies.
Conclusion
Our hypothesis of the unbuffered
gibberellic acid solution being toxic at a lower
QUEST-Journal.org
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concentration as compared to its buffered
counterpart was unsupported. This study
supports that a high concentration of gibberellic
acid is needed to show lethal effects in daphnids
when it comes to short term exposure. The data
also suggest that sub-lethal effects could occur at
environmentally relevant levels. Hence more
studies that focus on finding the concentrations
where sub-lethal effects begin should be done.
Due to the chronic experiment being
unsuccessful, no data on the effects of gibberellic
acid could be determined. Therefore, we suggest
that more chronic studies that focus on the effects
of gibberellic acid should be done to expand
upon the lack of chronic data available. To
conclude, we agree with reservation in regards to
the EPA’s non-toxic classification of gibberellic
acid. However, we believe gibberellic acid’s sublethal effects should be acknowledged and
studied.

Cairns J. Jr. 1986. The myth of the most sensitive
species. BioScience. 36(10):670-672.

Acknowledgements

Jaafarzadeh N, Hashempour Y, & Ahmadi
Angali K. 2013. Acute toxicity test using cyanide
on daphnia magna by flow-through system.
Journal of Water Chemistry and Technology.
35(6):281-6.

The authors would like to acknowledge
the Queens University of Charlotte’s Biology
Department and the Title III grant for providing
lab space and funding for the duration of the
experiments. We also acknowledge Celine Kong
for helping with subject husbandry and Brianna
Paglia for proofreading drafts.
References
Abdellaoui K, Halima-Kamel MB, Hamouda
MHB. 2009. Physiological effects of gibberellic
acid on the reproductive potential of Locusta
migratoria migratoria. Tunisian Journal of Plant
Protection. 4:67–75.
Baird DJ, Barber I, Bradley M, Soares AMVM,
Calow P. 1991. A comparative study of genotype
sensitivity to acute toxic stress using clones of
Daphnia magna Straus. Ecotoxicology and
Environmental Safety. 21:257-265.
Bhattacharyya PN, Jha DK. 2012. Plant growthpromoting rhizobacteria (PGPR): Emergence in
agriculture. World Journal of Microbiology and
Biotechnology. 28:1327–1350.
QUEST

Cowgill UM, Williams DM, Esquivel JB. 1984.
Effects of maternal nutrition on fat content and
longevity of neonates of Daphnia magna.
Journal of Crustacean Biology. 4(2):173-190.
Curry HA. 2013. Industrial evolution:
Mechanical and biological innovation at the
general electric research laboratory. Technology
and Culture. 54(4):746-81.
Dar TA, Uddin M, Khan MMA, Ali A, Hashmi
N, Idrees M. 2015. Cumulative effect of
gibberellic acid and phosphorus on crop
productivity. Cogent Food and Agriculture.
1(1):1–14.
Federal Insecticide, Fungicide and Rodenticide
Act, 7 USCS § 136 et seq. (1996)

Knops M, Altenburger R, Segner H. 2001.
Alterations of physiological energetics, growth
and reproduction of Daphnia magna under
toxicant stress. Aquatic Toxicology. 53(2): 7990.
Kuster CJ and Elert EV. 2013. Interspecific
differences between D. pulex and D. magna in
tolerance to cyanobacteria with protease
inhibitors. PLoS One. 8(5):e62658.
Palmer GH. 1974. The industrial use of
gibberellic acid and its scientific basis - A
review. Journal of the Institute of Brewing.
80:13–30.
Preuss TG, Hammers-Wirtz M, Hommen U,
Rubach MN, Ratte HT. 2009. Development and
validation of an individual based Daphnia
magna population model: The influence of
crowding on population dynamics. Ecological
Modeling. 220(3):310-329.
QUEST-Journal.org

Page | 16
Miner BE, De Meester L, Pfrender ME, Lampert
W, Hairston NG. 2012. Linking genes to
communities and ecosystems: Daphnia as an
ecogenomic model. Proceedings of the Royal
Society B: Biological Sciences. 279(1735):18731882.

Ecotoxicity Database; [cited 2016 Oct 30].
Available
from
http://www.ipmcenters.org/ecotox/Details.cfm?
RecordID=9005

Narula N, Deubel A, Gans W, Behl RK, Merbach
W. 2006. Paranodules and colonization of wheat
roots by phytohormone producing bacteria in
soil. Plant Soil and Environment. 52(3):119–130.

US Environmental Protection Agency. 1995.
Reregistration eligibility decision (RED):
Gibberellic acid. Prevention, Pesticides and
Toxic Substances, US Environmental Protection
Agency, Washington, DC, USA. EPA-738-F-96005

Sharma HSS, Fleming C, Selby C, Rao JR,
Martin T. 2013. Plant biostimulants: A review on
the processing of macroalgae and use of extracts
for crop management to reduce abiotic and biotic
stresses. Journal of Applied Phycology.
26(1):465–490.

US Environmental Protection Agency. 1996.
OPPTS 850.1010 aquatic invertebrate acute
toxicity test, freshwater daphnids. Prevention,
Pesticides and Toxic Substances, US
Environmental Protection Agency, Washington,
DC, USA. EPA 712-C-96-114

Sillanpää M, Pirkanniemi K, Dhondup P. 2003.
The acute toxicity of gluconic acid, beta]alaninediacetic
acid,
diethylenetriaminepentakismethylenephosphoni
c acid, and nitrilotriacetic acid determined by
Daphnia magna, Raphidocelis subcapitata, and
Photobacterium phosphoreum. Archives of
Environmental Contamination and Toxicology.
44(3):332-5.

Venables WN, Ripley BD. 2002. Modern
Applied Statistics with S, 4th ed. Springer, New
York, NY, USA.

Smolders R, Baillieul M, Blust R. 2005.
Relationship between the energy status
of Daphnia magna and its sensitivity to
environmental stress. Aquatic Toxicology.
73(2): 155-170.

Wei Q, Sanqin Z, Weimin D, Chengda S, Jiang
L, Yinian L, Jiabing G. 2016. Effects of fan
speed on spray deposition and drift for targeting
air-assisted sprayer in pear orchard. International
Journal of Agricultural and Biological
Engineering. 9(4):53-62.

Toxic Substance Control Act, 15 USCS 2601
(1976)
US Environmental Protection Agency. 1992.
Gibberellic acid [Internet]. OPP Pesticide

QUEST

Wang KS, Lu CY, Chang SH. 2011. Evaluation
of acute toxicity and teratogenic effects of plant
growth regulators by Daphnia magna embryo
assay. Journal of Hazardous Materials. 190(3):
520-528.

Wollenberg L, Halling- Sørensen B, Kusk KO.
2000. Acute and chronic toxicity of veterinary
antibiotics to Daphnia magna. Chemosphere.
40(7):723-730.

QUEST-Journal.org

Page | 17

Isolation and Genomic Annotation of the
Novel Bacillus thuringiensis Bacteriophage,
Rex16
Sydney Dishman1, Jennifer Easterwood2, Kent Rhodes2, Michael Wolyniak3, Joanna Katsanos2
Affiliations: Georgetown University1, Queens University of Charlotte2, Hampden-Sydney College3
Contact Author : Sydney Dishman, sed75@georgetown.edu, (301) 997 4191
Citation : Dishman S, Easterwood J, Rhodes K, Wolyniak M, & Katsanos J. 2017. Isolation and
genomic annotation of the novel Bacillus thuringiensis bacteriophage, Rex16. Q.U.E.S.T. Journal. 1:
19-25.
Keywords : Microbiology, Genetics, SEA PHAGES
ABSTRACT: Bacteriophages are exceptionally abundant, dynamic, ancient, and genetically diverse viruses
that specifically infect prokaryotic organisms. With an estimated 1031 phages present on the planet at any
given moment and less than 2,000 strains genetically characterized to date, bacteriophages represent a
largely unexplored area of the global biome. Howard Hughes Medical Institute (HHMI) has sought to
eliminate this gap in knowledge by establishing the Science Education Alliance Phage Hunters Advancing
Genomics and Evolutionary Science (SEA-PHAGES) program. It is through this program that the novel
Bacillus thuringiensis bacteriophage, Rex16, was isolated and characterized. With a 162,605 base-pair
genome, this strain was found to contain genetic information similar to other C1 subcluster phages as well
as entirely unique open reading frames. The discovery of new bacteriophages, like Rex16, may progress the
development of phage technology, which has shown promise in the fields of medicine and agriculture. In
addition, this particular project has paved the way for continued bacteriophage isolation and genomic
annotation at Queens University of Charlotte.

Introduction
Bacteriophages, parasitic viruses that
specifically infect prokaryotes, were discovered
simultaneously by Felix d’Herelle and Edward
Twort in 1915. Like other viruses, phages are
made up of genetic material (usually doublestranded DNA) surrounded by a protein shell
called the capsid. Often, a tubular structure also
made of protein, the tail, extends from the capsid
for movement and attachment to cells. Phages
proliferate by first attaching to the cell wall of a
bacterium and injecting their own DNA into the
host’s cytoplasm. The viral genome is then
replicated, transcribed, and translated into
protein within the host cell. New phages are
assembled from the replicated genetic material
QUEST

and translated phage proteins. As the amount of
phage within the cell multiplies, the host begins
to swell and eventually lyses from the pressure.
The phages are released into the surrounding
environment to locate and infect more bacterial
hosts (HHMI, 2009).
Bacteriophages
are
exceptionally
abundant, with 1031 individuals estimated to be
present on earth at any given moment. They are
also a dynamic, ancient, and genetically diverse
group of organisms, containing many genes that
have not previously been sequenced (Pope et al.,
2015). With the introduction of the Science
Education Alliance Phage Hunters Advancing
Genomics and Evolutionary Science (SEAPHAGES) program by the Howard Hughes
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Medical Institute (HHMI) in conjunction with
the University of Pittsburgh in 2008,
bacteriophage isolation and the sequencing of
their genomes has exponentially accelerated.
Almost 10,000 phages have been isolated and
there are now nearly 2,000 completely sequenced
phage genomes available for analysis
(phagesdb.org). Despite the recent increase in
novel phage isolation events, the number of
sequenced genomes in the GenBank database
represents an inconsequential fraction of the
genetic information present in the biosphere. It
has been established that multiple phage types
specifically infect single bacterial species,
indicating that bacteriophages are exponentially
more abundant than their hosts (phagesdb.org).
Although the ~2,000 recorded phage genomes
reveal significant progress in this area of study,
more than 30,000 prokaryotic genomes have
been recorded in GenBank to date. This
emphasizes the continued gap in knowledge and
need for novel phage isolations and genomic
annotations.
As more bacteriophages have been
isolated and more genomic sequences have
become available for analysis, inter- and intracluster relatedness has been revealed. The
apparent mosaicism on the nucleotide and amino
acid level indicate that phage diversity represents
a continuum rather than distinct groupings (Pope
et al. 2015). The mosaic property of
bacteriophage genomes can be attributed to
multiple factors. It has been proposed that phage
proliferation follows Hendrix’s pattern of
inheritance. In this model, random genomic
recombination occurs as the next generation of
phage is produced. Although this creates
numerous defective phage units and only a small
fraction of functional individuals, it creates an
opportunity for new and advantageous mutations
to spontaneously appear within the phage
genome. Bacteriophage genetic mosaicism can
also be attributed to lateral gene transfer. In a
study by Pedulla et al. (2003), 13 percent of open
reading frames (ORFs) within a bacteriophage
genome were not unique to that phage
population. The majority of these ORFs were
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related to ORFs of their respective bacterial
hosts. This supported the theory that genetic
information is transferred between parasite and
host during infection events (Papke, 2003).
Bacteriophage research is important
because there is a potential for phage technology
to be useful in industry. Their ability to inhibit
the growth of bacteria while not affecting
mammalian cells may be useful in developing
disinfectants and antiseptics (McNerney, 1999).
Phage technology has even been applied in the
agriculture and food processing industry, with
the first phage-based product, Agriphage™
produced by OmniLytics Inc., approved by the
US Environmental Protection Agency in 2005.
Additional products from Intralytix Inc., such
ListShield™, EcoShield™, and SalmoFresh™
have been approved by the FDA for use in food
processing and preparation by targeting Listeria,
E. coli, and Salmonella cultures, respectively
(Enderson, 2014). Since mycobacteriophages
were discovered in 1947, their potential to be
used in a medical environment has been
discussed (Brodier-Montagutelli, 2016; Levin &
Bull, 1996). Phage therapy faces multiple
challenges, however. Within the body,
bacteriophages are limited in their ability to
locate and infect pathogenic cells. They also are
likely to elicit an immune reaction that would
both render the phage ineffective and has the
potential to cause an unnecessary inflammatory
response within an already-sick individual. In
addition, phage-mediated lysis may result in the
release of harmful byproducts which may lead to
the development of secondary conditions such as
sarcoidosis (McNerney, 1999; Zelasko, 2017).
The specificity of mycobacteriophages,
however, may make them a useful tool in the
diagnosing and treatment of bacterial infections.
In an effort to prevent resistant strains of bacteria
from proliferating, health care providers are
reducing the use of general antibiotics in favor of
more specialized alternatives. For this to be
successful, however, the type of infectious
bacteria must be identified as precisely as
possible. It has been shown that phages have the
ability to precisely identify strains of bacteria,
QUEST-Journal.org
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such as Mycobacterium tuberculosis (McNerney,
2005). Although this use of phage technology
has not yet been applied beyond mycobacterial
hosts, there is a potential for Bacillus
bacteriophages to be used in the detection and
treatment of infections caused by Bacillus
anthracis and Bacillus cereus, the cause of
anthrax and some food poisonings, respectively
(Grose et al., 2014).
Bacteriophage
isolation
and
identification can be used as an educational tool
to introduce undergraduate students to authentic
research. When done as a class and under the
guidance of a professor, the process is relatively
easy and engaging for students. Individuals who
participate in this type of research garner
important lab and writing skills, as well as
develop a passion for microbiology and genetics.
The Phage Hunters Integrating Research and
Education (PHIRE) program includes eight steps
that gradually increase in difficulty, challenging
the students to progress from simply using
concrete
skills
to
later
developing
representational understanding. The research
produces a genuine discovery for the scientific
community, encourages peer-mentoring, has a
high success rate, and is cost efficient (Hanauer,
2006).
It is through the SEA_PHAGES program
that a novel Bacillus thuringiensis bacteriophage
species, Rex16, was isolated from the soil at
Queens
University
of
Charlotte
and
characterized
both
phenotypically
and
genotypically.
Methods
Protocols were taken from the NGRI
Bacillus Phage Laboratory Manual provided by
the Science Education Alliance of the Howard
Hughes Medical Institute and the Phagehunting
Protocols posted to phagesdb.org by the
University of Pittsburgh.
Phage Isolation
To use as a positive control, phage
samples were collected from final purification
QUEST

spot plates provided by Hampden-Sydney
College. From these samples, a sterilized hightiter lysate was prepared.
Soil was collected on March 24, 2015
near the Queens University of Charlotte sign in
front of the Burwell building on Selwyn Avenue
(Coordinates: 35.188356, -80.831594). The
sample was enriched with Trypticase Soy (Tsoy) Broth and Bacillus thuringiensis before
being incubated at 30 °C and shaken at 180 rpm
overnight. The enrichment mixture was then
centrifuged and the supernatant was collected.
To check for the presence of bacteriophages, a
spot test was conducted. A mixture of this
supernatant, B. thuringiensis and melted top agar
(TA; 1X T-soy broth powder, 0.4% agar; 55 °C)
was poured onto a T-Soy Agar plate. Separately,
a T-soy agar plate was topped with TA and
bacteria and divided into six equal sections.
Enrichment dilutions of 10-1 to 10-4 as well as
positive and negative controls were added to
separate sections of this agar plate. The plates
were incubated at 30 °C overnight.
A plaque from the 10-4 dilution grid of the
spot test was gently scraped with a micro pipet
tip and transferred to SM buffer (50 mM Tris-Cl,
8 mM MgSO4-7H2O, 100 mM NaCl, 0.01%
gelatin, 1 mM CaCl2). A streak plate was
prepared by dividing a T-soy agar plate into three
sections. The inoculated buffer was applied to
one section with a wire loop, which was then
flame-sterilized before spreading a small amount
of the liquid to the next third. This was repeated
with the final section of the agar plate before a
mixture of TA and B. thuringiensis was layered
on top of the streak plate. This protocol was
repeated with sterile SM buffer (negative
control) and control phage (positive control). The
plates were incubated at 30 °C overnight.
Three plaques from the most dilute third
of the streak plate, labeled A, B, and C, were
collected using micro pipet tips and transferred
to separate aliquots of SM buffer. Serial dilutions
10-1 to 10-4 were prepared from each of the three
samples. Each dilution was added to a mixture of
melted TA and B. thuringiensis before being
QUEST-Journal.org
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poured onto separate T-soy agar plates. Positive
and negative control plates were also prepared.
All fourteen plates were incubated overnight at
30 °C. The most dilute plate containing clearly
distinct plaques was chosen and three plaques
from this plate were selected and labeled. This
titer protocol was repeated four additional times,
using three plaques and 10-1 to 10-4 serial
dilutions each round (Figure 1).
After the fifth titer, plaque morphology
was recorded and plates were checked for any
indication of more than one phage population. A
medium titer lysate was prepared by flooding a
10-2 dilution plate displaying “web pattern lysis”
with SM buffer. The saturated top agar was
scraped, collected and centrifuged. The
supernatant was filter sterilized and labeled
“medium titer lysate.”
A single T-soy agar plate was divided
into twelve sections. A mixture of melted TA and
B. thuringiensis was poured onto the plate and
allowed to solidify. Serial dilutions 10-1 to 10-10
of the medium titer lysate were prepared and
added to ten separate grids on the agar plate.
Control phage lysate and SM buffer were used as
positive and negative controls, respectively.
After overnight incubation at 30 °C, it was
determined that a dilution of 10-4 produced “web
pattern lysis.” A 10-4 dilution of the medium titer
lysate was added to melted TA and B.
thuringiensis and this mixture was added to five
separate T-soy agar plates. After solidification,
the plates were incubated overnight at 30 °C with
positive and negative control plates.
A high titer lysate was produced by flooding each
of the five “web pattern lysis” plates with SM
buffer and collecting the resulting slurry into a
single conical tube. The mixture was centrifuged
and the supernatant was collected and filter
sterilized.
DNA Purification

Figure 1 - Example of a three-phage, four-fold
dilution titer. Top left: positive control; Top right:
negative control; Four columns left to right: 10-4,
10-3, 10-2, ,10-1 dilutions; Three rows top to
bottom: Phage A, B, and C.

mg/mL RNase A, 50% glycerol). Phage particles
were then precipitated by adding a phage
precipitant solution (30% PEG 8000, 3.3 M
NaCl) to the lysate. The mixture was centrifuged
and the supernatant was discarded.
Phage genomic DNA was then isolated
using the Promega Clean-Up Kit. The pellet was
re-suspended in DNA Clean-Up Resin and the
DNA became bound to a membrane as the
solution was pushed through a column with a
syringe. Isopropyl alcohol (80%) was then
pushed through the membrane to wash away salts
and proteins. The membrane was dried
completely through centrifugation. The purified
DNA was then collected by passing pre-warmed
sterile water through the membrane into a
eppendorf tube using centrifugation.
Nanodrop technology was used to
analyze the sample of phage DNA. The
concentration was calculated at 283.8 ng/μl with
a 260nm/280nm ratio of 1.93.

Residual bacterial DNA within the high
titer lysate was first degraded with a nuclease
mix (150 mM NaCl, 0.25 mg/mL DNase I, 0.25
QUEST
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Restriction Digest
Samples of phage genomic DNA were
digested by five enzymes (BamHI, ClaI, EcoRI,
HaeIII, and HindIII) separately in 10X reaction
buffer and 10X bovine serum albumin (BSA).
Loading dye was added to these solutions as well
as a solution containing undigested phage DNA.
A 0.8% agarose gel was prepared with GelRed
fluorescent DNA stain and transferred to an
electrophoresis chamber filled with 1X
Tris/borate/EDTA (TBE) buffer. The gel was
loaded with a 1 kb Ladder, the undigested DNA
sample, and the five digested DNA samples. The
gel was allowed to electrophorese at 75V for
approximately one hour. The gel was then
removed and photographed under UV light
(Figure 2).
Electron Micrograph
Highly concentrated samples of phage in
both SM buffer and phosphate-buffered saline
(PBS) were sent to the Electron Microscopy Lab
at the Cannon Research Center in Charlotte, NC
(Carolinas Healthcare System). The samples
were prepared using the Drop-to-Drop Method
and digital images were taken using a
transmission electron microscope. Capsid size
and tail length were estimated from these
micrographs.
Genome Sequencing and Finishing
Isolated genomic DNA was sequenced by
the third-generation sequencing technology,
Illumina, at the Cannon Research Center. A total
of 440,814 short reads were generated in a .fastq
format.
The SEA-PHAGES Virtual Machine
provided by HHMI and the University of
Pittsburgh was used to assemble Rex16’s
genome. The complete .fastq file was initially
used by GS De Novo Assembler for this task, but
41 different contigs ranging from 42,495 bp to
100 bp were produced. To solve this issue, the
.fastq file was down-sampled to contain only the
first 50,000 reads. A second run of GS De Novo
Assembler using this new file resulted in a
QUEST

Figure 2 - Restriction digest on extracted phage
DNA. From left to right: 1 kb ladder, undigested
DNA, BamHI, ClaI, EcoRI, HaeIII, and HindIII.

complete consensus sequence of 162,605 bp. The
sequence was checked for low coverage and
signaling conflict, although no areas of concern
were found. The .fasta file is available on
phagesdb.org.
Genome Annotation
Rex16’s entire consensus sequence was
imported into DNA Master, a freeware program
designed by Dr. Jeffery Lawrence of the
University of Pittsburgh. The programs
Glimmer, GeneMark, and Aragorn were used in
an auto-annotation of the genome. Each of these
proposed open reading frames (ORFs) were
compared to others currently recorded in
GenBank using the National Center for
Biotechnology Information’s (NCBI) nucleotide
Basic Local Alignment Search Tool (BLASTn).
DNA Master was also used to produce a sixframe translation map and provisional genome
map. A graph of coding potential for these ORFs
was produced using B. thuringiensis as a model
using GeneMarkS version 2.8. Although the
outputs of the Phamerator and Starterator
programs included in the SEA-PHAGES Virtual
Machine are also recommended for the
annotation process, lack of administrative access
QUEST-Journal.org

Page | 22
to the Virtual Machine kept these visuals from
being produced.
Using the quantitative evidence produced
by the forenamed programs, along with the
Guiding Principles of Bacteriophage Genome
Annotation as outlined by SEA, Rex16’s
automatically produced draft annotation was
evaluated and improved. Abnormally short
ORFs and those weakly supported by available
evidence were deleted while genes were added to
particularly large gaps in the sequence. Possible
alternative start sites were evaluated and some
gene lengths were altered to include all protein
coding potential. The updated annotation was reBLASTed and a final genome map was
produced.
Results
Electron Micrograph
Data from electron microscopy indicated
that Rex16’s morphotype falls under the
Myoviridae
category.
Capsid
diameter
measurements ranged from 76.3 nm to 98.0 nm,
with an average of 85.0 nm. Tail length ranged
from 83.6 nm to 127 nm, with an average of
116nm (Figure 3).

Genetic Sequence
The complete genome of Rex16 is made
up of 162,605 base pairs. The percentage of
guanine and cytosine nucleotide bases is 38.8%.
The BLASTn analysis of the entire genome
indicates that Rex16 has a 98% identity score
with the Bacillus bacteriophage Hakuna, and
95% identity scores with the Bacillus phages
Megatron and Eyuki. These phages all fall into
the subcluster C1, providing strong support for
Rex16’s identity as a member of the C1
subcluster as well. The next most similar hits
include the Bacillus phages BPS13, BPS10C,
and W.Ph. with identity scores of 86%, 85%, and
83%, respectively (Figure 4).
Genome Annotation
The genome of Rex16 was subdivided
into 299 ORFs. The majority of these genes and
predicted protein products were significantly (EValue of 0.0E0) related to those of Bacillus
phages Hakuna, Megatron, Eyuki, BPS13,
BPS10C, and W.Ph. (Figure 5). While the
function of some gene products could be
determined because of their similarity to
previously analyzed proteins recorded in
GenBank, a majority of ORFs had to be labeled
as hypothetical genes. Full annotation notes
available in a .dnam5 file.

Figure 3 - Electron micrographs of Rex16. Magnification from left to right: 130,000x, 64,000x,
64,000x
QUEST

QUEST-Journal.org

Page | 23

Figure 4 - Screenshot of BLASTn results for full genome of Rex16. Top results included the Bacillus
phages Hakuna, Megatron, Eyuki, BPS13, BPS10C, and W.Ph.

Figure 5 - Genome map of Rex16. Numbers within the boxes indicate the ORF number (299 total) while
the numbers along the line indicate the base pair location of the ORFs in thousands of bp (162,605 total).
Green represents forward-transcribed ORFs and red represents reverse-transcribed ORFs.
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Discussion
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We would like to acknowledge Daisy M.
Ridings and Ben J. Wagner of the Electron
Microscopy Laboratory at Carolinas HealthCare
System for the negative staining images obtained
with the Philips CM10 Transmission Electron
Microscope, as well as Dr. Nury Steuerwald and
the team at the Molecular Biology and Genomics
Core Facility at the Levine Cancer Institute in
Carolinas Medical Center for the genomic
sequencing of Rex16.

While the use of Bacillus bacteriophages
has yet to be explored, it is assumed that they
could be as successful in industry as their phage
relatives. Phage technology has shown promise
in its ability to create environmentally friendly
disinfectants and antiseptics, to rid food products
of unwanted pathogens, to diagnose and treat
medical conditions, and to be used in the transfer
of vectors in genomic research (BrodierMontagutelli, 2016; Enderson, 2014; McNerney,
1999; McNerney, 2005). With additional
research and product development, Bacillus
bacteriophages’ unique ability to specifically
infect Bacillus hosts could be applied to all of
these industries. The pathogens B. anthracis and
B.cereus, for example, could be targeted by
Bacillus phage technology, eliminating anthrax
infections and some food poisonings.
The SEA-PHAGES program has
benefited science students around the country.
The integration of real research into the
undergraduate classroom setting has not only
provided students with the opportunity to
develop important technical skills in
microbiology and genetics, but has also
increased their interest in and appreciation for
biological studies (Hanauer, 2006). Through this
process, I have provided Queens University of
Charlotte with a model that the biology
department will follow while integrating the
SEA-PHAGES program into undergraduate
courses in fundamental biology and genetics.
QUEST
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