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Introduction	
The subject of microbial diversity is one of a relatively new field.  There are thousands of types of microbial bacteria that inhabit many different habitats and environments.  New types of microbial bacteria are often discovered, so there is a lot about it that scientists are unsure of.  Microbial bacteria play an important role in the ecosystems they inhabit, as well as indicate the health of said environment.  The growth of food for the world’s population is something that requires healthy and nutrient-rich soils for growth.  Microbial health affects this as well.  Agriculture needs to be increased substantially in order to sustain the growing world population (Gardenstrom J, Ermold M, Goedkoop W, Mckie B).  Factors that affect the structure of microbial communities are pH, phosphorous, and soil texture (Gourmelon V, Maggia L, Powell JR, Gigante S, Hortal S, Gueunier C).  There is evidence to suggest that agricultural intensification and farming type also has an effect on the health of soil microbes.  Low-input farming reduces the use of synthetic fertilizers by using the nutrients found in animal manure (Hartmann M, Frey B, Mayer J, Mader P, Widmer F).  This organic approach, while seemingly healthier to the environment than synthetic fertilizers, is another factor that would shape microbial community soil structure.  Organic farming could, however, create higher microbial diversity in soil due to the nutrients and possible lack of pollution in organic fertilizer such as manure (Lupatini, Manoeli).
	This study will measure whether pollution and nutrients from nearby farms have an impact on the microbial diversity in the Farmville area.  A likely outcome of this study would be that the microbial diversity of areas closer in proximity to farm runoff would have less microbial diversity than those farther away from the farms.  Physiochemical properties of soil can determine the function and structure of microbial communities (Lombard, N., Prestat, E., van Elsas, J. D. and Simonet, P). However, because many types of bacteria require specific environmental conditions for survival, an expected outcome of this study would be that the areas closer to the farms would have few different bacterias, but those present bacterias would be able to withstand harsher conditions than bacteria in areas farther away from the farms.  This study will require two types of samples from each location observed.  Three samples of soil and three samples of surface water will be collected from an area of Buffalo Creek close in proximity to a farm, a location of Buffalo Creek about halfway between the farm and Appomattox River, and a location along the Appomattox River.  The microbial diversity of the soil and water of these three locations will indicate the affect of pollution and nutrients from farm runoff on microbial diversity.
Methods
Collect samples
The research team went out on February 2, 2017 and collected two different samples from 3 sites: one location along the Appomattox River and a location along Buffalo Creek that is close in proximity to a nearby farm and one located midway between the farm and the Appomattox River. Two vials were used per site.  Each was labeled with the site name and filled with either water or soil.  A sample of the topsoil from the water bank and surface water was taken from each location.  Enough sample matter was taken to fill up the whole vial.
Dilution and incubation of samples
After being collected, the soil and water samples were then prepared and put into petri dishes for incubation.  For each soil sample, 1 gram of soil was weighed out and transferred into a clean, separate vial.  100 microliters of sterile water were then added to the vial and blended using a vortex.  100 microliters were pipetted into a clean test tube, and 10 microliters of the soil and water solution was added to the test tube and it was again blended.  100 microliters were added to another clean test tube, along with 10 microliters of the 1:10.  10 microliters of each solution (pure, 1:10, and 1:100) were pipetted into their own prepared petri dishes.  For each water sample, the same process was followed, substituting 100 microliters of sample water for 1 gram of sample soil.  The solutions were spread evenly around each dish with a small spatula and incubated for 5 days at 32 degrees Celsius.
Counting colonies
The colonies growing in the incubating petri dishes were counted and recorded after 24 hours, 48 hours, and 5 days.  Fungal colonies are not relevant to microbial diversity and were therefore disregarded.
Data collection and genomic DNA extraction
After the bacterial colonies were counted, genomic DNA was then extracted.  To perform DNA extraction, an isolated colony was selected and circled on the petri dish.  One microcentrifuge tube was labeled for each colony.  300 microliters of the microbead solution was then added to each tube.  To collect the colony, a sterile toothpick was used to sweep across the colony.  This was then dipped into the sterile water of the tube.  The tube was swirled around and all cells were transferred to a different, labeled microbead tube.  50 microliters of solution MD1 was added to each microbead tube.  All microbead tubes were heated to 65 degrees Celsius for 10 minutes and secured horizontally to a vortex, which was turned to maximum speed for 10 minutes.  The tubes were centrifuged at 10,000x g for 30 seconds at room temperature.  The top liquid layer was transferred to a separate, labeled 2 mL collection tube.  100 microliters of solution MD2 was added to the supernatant and vortexed for 5 seconds.  The tubes were incubated at 4 degrees Celsius for 5 minutes and centrifuged at room temperature at 10,000g for 1 minute.  The entire volume of supernatant was transferred to a separate, labeled 2 mL collection tube.  Solution MD3 was shaken and 900 microliters of MD2 was added to the supernatant and vortexed for 5 seconds.  700 microliters were loaded into a spin filter and centrifuged at 10,000g at room temperature for 30 seconds.  The flow was discarded and the remaining supernatant was added to the spin filter and centrifuged.  The flow was again discarded.  300 microliters of solution MD4 was added and centrifuged and flow discarded.  It was again centrifuged for 1 minute.  The spin filter was placed in a new 2 mL collection tube.  50 microliters of solution MD5 was added to the center of the white filter membrane, which released the DNA.  It was centrifuged for 30 seconds and the spin filter was discarded.  This entire process was then repeated for the second bacterial colony.
PCR
After DNA isolation, a Polymerase Chain Reaction was conducted in order to amplify sequences of DNA.  To conduct PCR, .5 microliters of 10 micromolar Forward Primer, .5 microliters of 10 micromolar Reverse Primer, 12.5 microliters of OneTaq 2X Master Mix, and 8.5 microliters of Nuclease-free water was added to two reaction tubes (one for each bacteria).  The reactions were pipetted to gently mix.  3 microliters of each bacterial genomic DNA is added to separate tubes.  The two tubes were moved to a PCR machine and thermocycled.  The tubes were initially thermocycled at 94 degrees Celsius for 30 seconds, and then rotated between 94 degrees for 30 seconds, 55 degrees for 45 seconds, and 68 degrees for 60 seconds, then 68 degrees for 5 minutes.  Lastly, they were held at 4 degrees Celsius until retrieved.
PCR Clean up
	100 microliters of the reaction product were transferred to a 1.5 microcentrifuge tube.  5 volumes of DF buffer were added to 1 volume of the sample and mixed by vortex.  A DF column was placed in a 2ml collection tube.  The sample mixture was transferred to the DF column and centrifuged at full speed for 30 seconds.  The flow-through was discarded and the DF column was placed back in the 2ml Collection tube.  600 microliters of wash buffer were added into the center of the DF column and let stand for 1 minute, then centrifuged for 30 seconds.  The flow-through was again discarded and the DF column placed back in the 2ml collection tube.  It was centrifuged again for 3 minutes.  The dried DF column was transferred to a new 1.5ml microfuge tube.  50 microliters of Elution buffer were added to the center of the column matrix and centrifuged for 2 minutes to elute the DNA.
Restriction Enzyme
	For each PCR product, 5 microliters of PCR product and 10 microliters of Msp1 are mixed by pipetting up and down with pipettes set at 10 microliters.  The samples are incubated for 45 minutes at 37 degrees Celsius.
Gel Electrophoresis
	To cast the Agarose gel, the gel caster is leveled.  0.6 g of agarose and 40 ml of TAE buffer are mixed in an Erlenmeyer flask.  The agarose is microwaved for up to 2 minutes or until the agarose dissolves.  It is let cool to about 60 degrees Celsius.  4 microliters of ethidium bromide are added to the agarose mixture.  The dissolved agarose is poured into the gel tray and the comb is inserted immediately at the top of the gel.  The gel is left to solidify for up to 40 minutes.  After it has solidified, the comb is removed.  5 microliters of 5X loading buffer is added to each tube.  Gentle pipetting mixed the contents.  The chamber is filled and the gel is covered with 1X TAE buffer.  10 microliters of each sample are laded into separate wells in the gel chamber.  The lid is placed on the chamber and the electrical leads are connected red-to-red and black-to-black to the power supply.  The gel is run at 120 V for 30 minutes.  After 30 minutes have passed, the power is turned off and the top of the chamber is removed.  The gel and tray are removed from the gel box.  The gel is slid into a tray and the gel is visualized under a UV camera.  After this visualization, the gel is properly disposed in the waste bag.
DNA Sequencing
	Two sequencing tubes were obtained, each with barcodes on the sides.  For each sample, 5 microliters of the cleaned PCR product, 4 microliters of the sequencing primer, and 3 microliters of the deionized water are added.
DNA Analysis
	SnapGene Viewer and BLAST were utilized in identifying the types of bacteria that the DNA strands were isolated from.  SnapGene Viewer was used and the unknown nucleotide bases were edited.  The entire DNA strand was copied and pasted into BLAST, where many possible bacterias are listed.  These sequences are compared to the DNA strands extracted and the type of bacteria is identified.
Results
[image: ][image: ][image: ]This experiment resulted in the isolation of three different bacterial DNA strands.  Genomic DNA extraction, PCR, purification, restriction enzymes, gel electrophoresis, DNA sequencing, and DNA analysis to attempt to isolate DNA strands from all 6 of our samples.  However, after all of these steps were taken, only three of our samples produced viable DNA samples.  The viable samples all originated from soil samples (farm soil (Figure 1), buffalo creek soil (Figure 2), and Appomattox River soil (Figure 3)).Figure 3: Circled is the isolated colony from this location, Pseudomonas frederikus.
Figure 2: Circled is the isolated colony from this location, Pseudomonas fredricksbergensis.
Figure 1: Circled is the isolated colony from this location, Janthinobacterium lividum.







As soil is more hospitable to bacteria than water is, this makes sense.  After extracting and preparing the DNA, gel electrophoresis was conducted on all the samples.  Gel electrophoresis is used to detect the relative size and amount of base pairs in each DNA sequence.  This process did not work as expected, as the gel electrophoresis did not have clear results, as shown in Figure 4 and Figure 5.  
[image: ][image: ]



Figure 5
In Figure 5, some similarities in the bands were shown.  Both bands went relatively far down the chamber and had somewhat similar widths.
Figure 4
This gel electrophoresis picture shows the difficulty of the lab group to collect a clear reading.



After conducting the gel electrophoresis, the six samples were prepared and sent them off for DNA sequencing.  BLAST assisted in the conclusion that the three strands of bacterial DNA were pseudomonas fredricksbergensis, pseudomonas frederikus, and janthinobacterium lividum (Table 1).  
	Location
	BLAST match
	% Identity
	# of Gaps

	Buffalo Creek Soil
	P. fredrickbergensis
	99%
	13

	Appomattox River Soil
	P. frederikus
	99%
	6

	Farm Soil
	J. lividum
	99%
	9


Table 1: This table shows the three sequences received, as well as the locations collected, percent identity, and number of differences (“gaps”) between the BLAST match and the sample sequences.

Janthinobacterium lividum is commonly found on the skin of some amphibians which aids in fighting fungal infections and diseases due to its anti tumor and fungal properties.  Pseudomonas fredricksbergensis is a gram-negative bacteria commonly found in Denmark.  There was almost no information to be found on Pseudomonas frederikus, so it was assumed that this bacterium is either very rare or insignificant and doesn’t affect many aspects of the soil microbiome.Figure 7
This graph shows the number of colonies growing versus the number of days they were being incubated.  As seen in the graph, the soil samples were the origins of the most number of colonies.  
	APW – Appomattox River water
	APS – Appomattox River soil
BCW – Buffalo Creek water
BCS – Buffalo Creek soil
FRW – Farm river water
FRS – Farm river soil

Discussion
The three strains of DNA bacteria that were isolated in this study were all collected from the soil samples of each location.  Soil is notorious for being a better host to bacterias than water for a number of reasons, the main reason being soil provides a number of functions and cycles necessary to bacterial growth and survival while maintaining a moist environment. [image: ]
The first DNA strand isolated, janthinobacterium lividum, is commonly found on the skin of amphibians.  It has anti fungal and tumor properties which are useful in the survival of amphibians, most of which live in the dirt and water where fungi thrive.  This gram-negative bacterium produces a pigment called violacein, which is the source of this bacterium’s fungal-fighting properties.  This bacteria strand could serve to be extremely important in cancer research.  If cancer biologists were to find a way to isolate this bacteria and target carcinogenic masses, they could have a major breakthrough in finding safer and more effective ways to treat cancer in humans and other organisms.
	The second strain isolated is pseudomonas fredricksbergensis.  It is commonly found in Frederiksberg, Denmark, but was first isolated from a desert soil sample originating from Kuwait.  This bacterium is capable of aerobic degradation of aromatic hydrocarbons.  This means that it is able to solubize minerals in soil, therefore promoting the growth of plants.  This function is obviously important and necessary in soil.  This strain of bacteria could possibly be isolated and used in plant-growth mediums or fertilizers to help with the healthy growth of plants.
These two bacterias are extremely important in both in the medical and the ecological fields.  Both of them display highly necessary qualities that could be very useful if isolated and directed at certain causes.  Further research is needed to pursue these intentions.  However, as of now, these bacterias show promise for further exploration.
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