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Is It Safe To Swim?
Lesson 1:

Introduction:


You are a microbiologist working for BioBalance, an environmental consulting firm.  BioBalance has been hired by the city of Costa Bonita to assess local health risks.  It is your job to report to the local Department of Public Health and alert them to health risks in the water at the beaches in Costa Bonita.  While the town supervisors do not want anyone to get sick from the coastal waters in their town, neither do they want the beaches closed.  Tourism, specifically beach-based tourism, is a mainstay of the town’s annual revenue.  

A few lifeguards report hearing some residents and vacationers complain about symptoms such as nausea, diarrhea, stomach cramps, chills and fever after swimming at the local beaches.  Many of the surfers who are out almost daily have also complained about skin rashes and infections of the eyes, ears, nose and throat.  You keep checking the beach water regularly to see if you notice any differences.   Sun or fog, rain or shine, you are down sampling the beaches at least weekly, sometimes daily. First you need to establish a baseline to use as a benchmark of healthy coastal waters (Sample 1).  
Purpose:
You need to provide a report to the Public Health Agency with a summary of your findings detailing your benchmark of a healthy beach.  You have collected your water samples, extracted DNA, performed a PCR for the 16S gene, cloned and extracted the DNA sequences.  The samples have come back from the lab and now you are going to classify the sequences using Greengenes to find out which bacteria are in the water at the beach.  In this lesson you will create a list of the identified bacteria, write a report and submit it to the Public Health Department (your teacher).

Materials:

· Desktop or laptop computers (1 for every 2 students)

· High speed Internet connection

· Greengenes (http://greengenes.lbl.gov)

· Text and spreadsheet programs, (preferably Word & Excel) on computers

· Networked printer
Procedures:

1) To begin:

i) Set up with a partner at a computer

ii) Launch a web browser (Firefox, Safari, Internet Explorer)

iii) Open the following web site:  http://greengenes.lbl.gov
iv) On the left hand side there is a menu box titled “About”.  In that box, click on “Tutorial”.

v) On the left of this new screen is a menu box titled “Tutorial Topics”.  In that box click on “Teachers”.  

vi) Under “Is It Safe To Swim?” find Sample #1.  Follow the directions listed on that page to save this file to your desktop.
2) Align the Sequences:
i) Once you have saved this file to the desktop navigate back to the Greengenes homepage.  Find the tool button at the top that says “Align” and click it.

ii) Follow the directions and align the sequences in “Is It Safe To Swim? - Sample #1”.  

(1) Refer to the Tutorial if you need help in completing this.  

(2) Use all of the default setting provided by Greengenes. 

(3) Have the aligned FASTA file sent to your school email address.

iii) When you receive the file back from Greengenes with the aligned sequences you will continue by checking them for chimeras.

3) Chimeric Check:

i) Open your email and find the message returned to you by Greengenes.

ii) That email will have an attached folder and in it you will have two files.  The first is an aligned FASTA file.  The second is a spreadsheet explaining the outcome of the alignment process on your submitted sequences.  Save both of these files to the desktop of your computer so you can proceed with checking your sequences for chimeras.

b) At the top of the Greengenes page you will see a series of buttons.  Click on the one that says “More Tools”.

c) Most of the way down is “Chimera Check with Bellerephon”.  Click it.

d) Work through the steps for chimera checking on the Greengenes page using the Tutorial to assist you as needed.

e) To make sure that your aligned sequences are sent to a valid and accessible email address, again, use your school email address. 

4) Classifying Your Aligned, Clean Sequences:
a) Before you proceed with classification you may want to look at the Excel report from Greengenes/Bellerephon to see what it had to say about your sequences. 

i) Open your email and find the email returned to you by Greengenes after checking for chimeras.

ii) It will have two files attached.  One is an aligned, clean FASTA file.  The other is a spreadsheet explaining the outcome of the chimeric check process on your submitted sequences.  Open the spreadsheet (.xls file).

iii) Were all of the sequences valid or did you have any chimeric sequences?

iv) Save your aligned, clean FASTA file to the desktop of your computer so you can proceed with classifying your sequences.

b) On the Greengenes page go back to the “More Tools” button.  Click it.

c) Select the option that says, “Classify a Batch of Your Sequences”, about halfway down the list.

d) Work through the steps for classifying your sequences on the Greengenes page using the Tutorial to assist you, as needed.  

e) Under “Taxonomy Options” unclick all but G2, NCBI and Hugenholtz.  For the purposes of this activity using these two taxonomies will be adequate.

f) To make sure that your classification report is sent to a valid and accessible email address, use your school email address. 

5) Comparing Taxonomies:

a) Check your email for the classification file returned to you by Greengenes.

b) Save the classification spreadsheet to the desktop.

c) Go to the fifth column for each of the taxonomies and double click in the first row of that column.  

d) The whole string of classifying information for each sequence you submitted is below.  If it follows standard taxonomic format it will read “Kingdom, Phylum, Class, Order, Family, Genus, & species”.  You read about taxonomies in the Tutorial Lessons and know that each taxonomy may not classify each sequence that specifically.  

e) Compare the taxonomic classification of each sequence from G2, NCBI and Hugenholtz.  If there are discrepanies between the three, for the purposes of this activity, go with the o.t.u. most specific for each sequence.  

f) Open a new Excel spreadsheet and save it as Baseline_YourName_Today’s Date. (ex: Baseline_Davies_08/08/07)

g) Based upon the taxonomy that was most specific for each sequence, create a list of the microfauna in the water sample from the beach.  

i) Column 1 should list the phylum of the organism.  

ii) Column 2 should list the family of the organism.

iii) Column 3 should list the genus (if available).

iv) Column 4 should list the species (if available).

v) Column 5 should list the strain (if available).

vi) Column 6 should list whether or not the bacteria is a known human pathogen, or not.   To decide this you will have to refer to Appendix C.
vii)  On your web browser navigate to the Greengenes Tutorial page.  On the left is a box labeled “Tutorial Topics”.  In that box, click on “Teachers”.

viii) Again find the activity labeled “Is It Safe to Swim?” and at the bottom you will find Appendix C.  For each of the bacteria or archaea you have in your sample find its name in the appendix and read about the microorganism.  Go back to your spreadsheet and fill in the sixth column.

6) Submitting Your Report:

a) Print out two copies of your spreadsheet.  You will turn in one copy with your report and hold onto the other for use in lessons 2 & 3.

b) Open a text document and write up a report for the Public Health Department.  Your report should include a summary of your findings about what is in the water and whether or not there are human pathogens in the list?  Are there any close relatives of pathogens?  Cause for concern?

Lesson 2:


A heavy storm has settled on Costa Bonita and it has been raining steadily for several days.  The weather report indicates that this storm will continue for another day or two.  Nonetheless, you have a job to do.  You continue collecting your coastal water samples (sample 2).  You still need to determine whether or not to advise the public health officials to close the beaches to swimming and surfing.  If they are closed there will be many unhappy beach users and shop owners who rely on their vacation dollars.  If you don’t close them people may get sick.  

Procedures:

1) To begin:

i) On your browser go back to :  http://greengenes.lbl.gov , and follow this pathway:  “About” ( “Tutorial” ( “Tutorial Topics” ( “ Teachers” ( “Is It Safe To Swim”.  

ii) Find “Sample 2” and follow the directions to download it locally in order to proceed with classification.

2) Classification of Sample Sequences:
a) Follow procedures #2-4 from Lesson 1 in order to align, clean and classify the sequences in “Sample 2”.

b) Create another spreadsheet detailing each of your sequences following the directions from Lesson 1: Step 5a-g.  The file name for this second spreadsheet should be “Sample2_YourName_Today’sDate” (ex: Sample2_Davies_08/08/07).  You don’t need to reread in the Appendix about any of the sequences that are the same from Lesson 1 & Lesson 2.  Only read about any new strains that have shown up in Sample 2. 

c) Compare the spreadsheets from Lessons 1 & 2.  

3) Submitting Your Report:

a) Print out two copies of your spreadsheet.  You will turn in one copy with your new report and hold onto the other for use in lesson 3.

b) As you begin to prepare this new report for the Public Health Department you think about how Costa Bonita has been affected by the heavy rains. You have seen that the heavy rains have had an impact all around town.  The gutters are full with runoff, even slowing traffic on some streets.  The fields and pastures in the local farms seem saturated, some cows and horses standing ankle deep in water.  The two creeks that run through town, 5 mile and Arroyo Verde are also swollen, brimming their banks at places.  With all this rain you also wonder how the wastewater treatment plant (WWTP) is handling the runoff from the streets in addition to the normal flow from residential and commercial sources.  Logically the plant has been located at a low point in town to take advantage of gravity in bringing in wastewater.  Unfortunately, this places the WWTP somewhat close to 5 Mile creek and not far from the coast.  Keeping all of this in mind you prepare to write your new report.
c) Write a new report for the Public Health Department based upon your findings in Sample 2.  Your report should contain details about which bacteria or archaea are missing from this current sample (present in your baseline) and which new ones have shown up.  Are there any patterns?  Any cause for concern?  

Lesson 3:


The storm over Costa Bonita has abated but you are still concerned about your last sample. As usual now, you collect another sample and take it back to the lab (sample 3).  Will this new sample show a continuing trend?  Has the coastal water quality gotten worse or have things improved? What action should you advise the public health officials to take?  Remember, if the beaches close there will be unhappy bathers, surfers and shop owners.  But if people immerse themselves in contaminated water people may get sick.  

Procedures:

1) To begin:

i) On your browser go back to :  http://greengenes.lbl.gov , and follow this pathway:  “About” ( “Tutorial” ( “Tutorial Topics” ( “ Teachers” ( “Is It Safe To Swim”.  

ii) Find “Sample 3” and follow the directions to download it locally in order to proceed with classification.

2) Classification of Sample Sequences:
a) Follow procedures #2-4 from Lesson 1 in order to align, clean and classify the sequences in “Sample 3”.

b) Create another spreadsheet detailing each of your sequences following the directions from Lesson 1: Step 5a-g. The file name for this third spreadsheet should be “Sample3_YourName_Today’sDate” (ex: Sample3_Davies_08/08/07).You don’t need to reread in the Appendix about any of the sequences that have already shown up in Lessons 1 or 2.  Only read about any new strains that have shown up in Sample 3. 

c) Compare the spreadsheets from Lessons 1, 2 & 3.  

3) Submitting Your Report:

a) Write a new report for the Public Health Department based upon your findings in Sample 3.  Your report should contain details about which bacteria or archaea are missing from this current sample and which new ones have shown up.  Again, are there any patterns or cause for concern?  How might you explain any changes in the strains of bacteria or archaea that make up your sample?  What will your advice be to the Costa Bonita Public Health Department?  Justify any decision you decide to make in your recommendation.

Conclusion:

1) Pair up with a partner and compare the three reports you submitted.  What did each of you decide?  Each of you is to justify to the other person the decision you made to the Public Health Department.  Come to a consensus as to what recommendation should be (should have been) given to the Public Health Department.

2) Next, the two of you need to take the point of view of the Public Health Department.  Given the recommendation from BioBalance, what decision will you make in regards to actual beach closures?  Will you leave them open?  Will you close them?  If you close them, for how long should a closure last?  If you don’t close them, what would it take for you to close them? 

3) Write a report (one for the two of you) to the City Council detailing your decision.  Your report should be no less than three paragraphs and a minimum of 300 words.  Cite reports from the microbiologists at BioBalance to defend your decision, whichever way you decide.  Are you going to require further testing?  More detailed tests?  If so, what tests?  Consider the impact of your decision on the local economy that depends substantially on tourist dollars spent by people coming to Costa Bonita specifically for its magnificent beaches.  Should the economic factors even weigh into your decision?  What about the surfers and beach goers who want to make their own decisions about whether or not they should go into the water?  Write up a comprehensive report to the Costa Bonita City Council with your decision.  As the health department you have the power (and obligation?) to look out for the health of the public you serve.  

