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Labs 1 - 4.  Exploring Protist Diversity
Lab Goals. These first four lab periods are designed to introduce you to the diversity of protists and to engage you in creating and conducting an experiment to explore abiotic and/or biotic factors that impact biodiversity in a protist community. Your lab activities and assignments will allow you to:

· Gain experience using a microscope to explore protist morphological diversity;
· Work as a team to estimate the abundance and diversity of protist genera;
· Identify an hypothesis to explore how biotic/abiotic factors impact protist diversity;
· Design and carry out an experiment to test your hypothesis;
· Record and analyze your data in Excel;

· Gain experience inferring the evolutionary relationships among your protists;

· Compare morphological versus molecular characters in tree inference;

· Communicate your results to the class.
Figure 1. Recent classification of Eukaryotes (Adl et al. 2012)
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Lab 1
In the first laboratory period you will work in teams to explore and measure protist diversity in samples from local protist communities. Prior to arriving at lab you will have viewed a short video that introduces some of the protists you will be identifying in lab. Be sure to view this video before lab – it will save you time and headaches as you learn how to find protists under a microscope. You are also responsible for reading chapter 28 in your text: The Protista. This background information on protists will be key in helping you decide what hypothesis you wish to test. Figure 1 provides a recent reclassification of the Eukaryotes, which may be useful.
Step 1. Protist samples (~ ¼ hour). Each team will be given a sample from a local protist community, labeled A, B, C, D, E, and F. Make sure that you record which sample you were given - the samples come from different communities. Information about where and how the sampling was accomplished will be presented in lab.
Step 2. View protists (~ 1¼ hours). Each team is responsible for describing the protists in their sample. There are several stages of viewing: 
· Quick overview of diversity. This is your first look at the sample. Have fun scanning the samples under low magnification and develop a search image to distinguish protists from dirt or plant materials. 
· Start with your microscope set to lowest power and the stage rolled up to its highest point. Turn the light on and adjust the eyepieces and the diaphragm to ensure the best possible viewing.

· Prepare a slide by placing two drops from your sample onto the slide and cover with a cover slide.

· Use the course adjustment to lower the stage until you see debris or protists. Spend time at this low magnification (4x) and simply observe what is alive in your field of view. 
· Take notes about what you see in your notebook.
· Detailed examination of individual protists. You will spend most of your time in this second phase of viewing. The goal is to try to identify the diversity of protists in your sample. The most common protists found in local pond water are listed on the Protist Data Spreadsheet provided. Several resources to aid in your identification efforts have been placed on your benches. Please note that you will almost certainly need to add rows to the spreadsheet provided – you may find taxa not listed and you may even find taxa that have NEVER been described before! 
· Increase your magnification to see more detail. When you are ready for 100x magnification, ask your TA for help. Do not do this on your own the first time – you can easily damage the microscope. 
· Slowing down your protists. You will be tempted to immediately add a “slowing agent” to force your protists to stop speeding across the field of view. Do not do so until you have spent considerable time observing them “as is”. It is okay if they fly across the field of view for now – just get used to trying to find them, follow them, and observe their behaviors. Once you are ready to slow them down – you TA will provide several methods for you to employ.
· Some of the details you will want to record in your notebook include:
· Draw a picture of the organism and label the parts you find.

· How large is the organism, can you estimate actual size or use a comparison among organisms for relative size?

· Is the organism moving, and if so, how does it move? 
· Qualitatively describe the density of each protist type in your sample.
· Although you will attempt to identifying the protists as thoroughly as possible (to the level of genus) – there may be some organisms that are too small, too fast, or just too strange. You should record them as belonging to one of the following groups, realizing that these mixed bags will be treated as a single “type” in your later diversity and density analyses.

· Green algae 
· Golden algae
· Diatoms

· Ciliates 
· Flagellates 
· Sarcodines 
· Unknown
Step 3. Estimate protist richness, density and diversity (~ 1 hour). Your next task is to quantify the diversity and density of protists in your samples. Discuss with your team members how you will take these measurements. How many genera (or types) of protists will you measure? How will you deal with organisms moving too quickly to count? What about those that are too small to identify? What do you do if there are too many to count? Propose methods to deal with each measurement challenge you encounter and ensure that your team has reached a consensus regarding the solution you will employ. 

· Diversity and density protocol. Prepare a protocol of how you will measure the diversity and density of protists in your samples. Have your TA check your protocol before you proceed. This protocol is stored in your lab notebook.
· Sample size. Measure diversity and density in three one-drop samples. Note that there are 20 drops in a ml, so each drop equals 0.05 ml.
· Record your data on the Protist Data Table (Table 1) provided.

· Calculate the following from your data

· Genus Present/Absent – You will note which genera (or types) are present at least once in each of your three samples. Enter a “1” for present and a “0” for absent.

· Genera Density – You will note the number of individuals per taxa in each of your three samples. Enter that number in the boxes provided in your spreadsheet, which is set up to automatically calculate the average density after you enter the three replicate measurements.

· Genera Richness – The number of genera per sample is a measure of ecological richness. The more genera present in a sample, the richer the sample. This is measured by simply summing the total number of taxa in each replicate. A formula for calculating Genera Richness has been entered into your spreadsheet. It will automatically be calculated when you total the number of taxa present in your sample.

· Genera Diversity – We will employ Simpson's Index of Diversity, which measures the probability that two individuals randomly selected from a sample will belong to the same species (or in our case, genera). The value of this index ranges between 0 and 1, the greater the value, the greater the sample diversity. The following formula is used to calculate D, with n = the number of individuals in a species and N = the total number of individuals in a sample. This formula is also already loaded into your spreadsheet.
D =  n(n-1)/N(N-1)
Step 4. Prepare a brief presentation to the lab (~ ¼ hour). Each team will briefly report on their measures of protist density and diversity (3 min). Your presentation will include both a qualitative and quantitative description of what you found in your 12 samples (3 replicate samples per person x 4 persons per team). If you find a particularly interesting or rare protist you may want to provide an image for the class. This is not a formal presentation – just a chance to share what you find and discuss any challenges you encountered. Your TA will provide feedback about your presentation – focusing on its clarity, content and timeliness.
Step 5. Class discussion (~ ¼ hour). After each team has presented their data, the entire class will brainstorm about potential experimental tests that might reveal information about how biotic or abiotic factors impact protist diversity. By the end of the lab, each team will have a tentative hypothesis that they wish to explore during the next lab period. 
· Experimental constraints. You TA will explain what types of materials and methods are appropriate for your experiments. The goal is to conduct a meaningful experiment that does not overwhelm the lab supplies or space.

Step 6. Assignments. Before the next laboratory, you will read the following research article to help you understand what might be an appropriate and interesting research topic. 

Saleen et al. (2013) – find the link on the class Moodle page

Each team should plan to meet at least once to discuss their proposed experiment and conduct some background research on the topic. It is okay to change your hypothesis as you learn more about the topic. Come to lab ready to design your experiment.
Lab 2
In the second laboratory period you will work in the same teams to design and start your experiment. Prior to coming to lab you will have identified a testable hypothesis and read a sample publication to help in your discussions about experimental design.  
Step 1. Exercise in experimental design (~ ½ hour). Your TA will lead you through an exercise in experimental design. 
Step 2. Present your hypothesis (~ ¼ hour). Each team will have 3 minutes to present their hypothesis to the class. This is not a formal presentation, but you should prepare so that you provide a clear and concise description of what you hope to accomplish with your experiment. Your TA will evaluate your presentation based upon: clarity, content, and timing.
Step 3. Design your experiment (~ ½ hour). Teams will now design their experiment and prepare a detailed schedule that identifies which team member is responsible for sampling at what time points, how they will sample, what they will measure and how they will communicate the data they collect to the rest of the team. You must obtain approval from your TA prior to starting your experimental set-up.
Step 4. Set up your experiment (~1½ hour). The remainder of the lab period will be devoted to setting up your experiment and preparing your data charts for use in recording your observations. 
· Experimental set-up. You TA will show you where to set up your experiment. You are responsible for labeling everything that is involved in your experiment. Any unlabeled items will be discarded after the lab period. You are also responsible for ensuring that the laboratory remains clean and free of your litter during your sampling sessions.
· Spread sheet preparation. You will spend time preparing an excel spreadsheet that the entire team will use to record data. The spreadsheet should be designed to easily enable statistical analysis of your data once you have completed your experiment.
Step 5. Assignments. Prepare a short (3 min) informal presentation of the status of your experiment – you do not need to analyze your data yet – just be prepared to inform the class about what you have learned so far. Make sure that you have entered your data into your spreadsheet prior to lab. 
Lab 3
In the third lab period teams will work on their data analysis and determine whether they need to repeat any portion of their experiment. Each student will be assigned a protist species for use in several future lecture and laboratory activities.
Step 1. Present experimental status (½ hour). Each team will provide an informal status update of their experiment (3 min). This is the time to talk about the challenges you faced, what did or didn’t work, and whether you need to repeat any portion of the experiment. Your TA will evaluate your presentation based upon clarity, content and timing.
Step 2. Using excel for data analysis (½ hour). Your TA will lead an exercise to explore how you can use excel spreadsheets to carry out statistical analyses of your data. 
Step 3. Analyze your data (1 hour). Teams will analyze their data, discuss what the analysis reveals and determine if additional experiments are required.

Step 4. Protist species assignment (¼ hour). You TA will assign each person a species of protist, which will serve as the focus for several lab and lecture activities over the next few weeks.

· Protist species characterization. Before next lab, research your species using any resources you wish. You will need to obtain several images of the organism and note relevant characteristics, such as presence of cilia, flagella or pseudopods, mode of feeding (autotroph, phagotrophy, osmotrophy, photosynthesis), mode of reproduction (binary fission, conjugation, sexual), presence of chloroplast or endosymbionts with chloroplasts, single versus multicellular, form filaments or colonies, visible versus microscopic, motile versus nonmotile, size (in micrometers or millimeters), type of movement (fast, slow, jerky, creeping, etc.), and preferred niche.
· Protist species classification. Research the formal classification of your species, from domain to species level classification. The Tree of Life web project may useful in this search (Maddison and Schultz, 2007): http://tolweb.org/tree/ 
· You are urged to start your search at the following website, which has short movies for many of the protist species we will examine in this lab. It is an extraordinary resource: http://protozoa.uga.edu/portal/images_sartiano.html
Step 5. Retrieve protist molecular data (~ ¼ hour). In Lab 4 we will employ 16s rRNA sequences to create a molecular phylogeny for our protist species. To prepare for that exercise, your TA will demonstrate how to find a DNA sequence in the NCBI database (Geer et al., 2010). You will then obtain the 16s rRNA sequence for your species and share the accession number with the class.
Step 6. Assignments. Each team will prepare a final, formal powerpoint presentation of their experimental results (5 min) (there is no written lab report for this portion of the protist lab). Your TA will provide guidance on what you will want to include in this presentation. Refer to the Formal Presentation Grading Rubric available on Moodle. You will also spend time getting to know your assigned protist species and will submit your species description prior to lab 4. 
Lab 4
In the fourth lab period you will have the opportunity to present the results of your experiments and receive feedback on your presentation skills. We will then turn to an exploration of the phylogenetic relationships among the protists you have been exploring. 

Step 1. Formal presentations (~ ¾ hour). Each team will have 5 minutes to present the results of their experiments. Presentation grades will be based upon the quality of the presentation, the clarity of your arguments, and the creativity you bring to the assignment. Students will evaluate each presentation using the grading rubric provided by your TA. The class will discuss each evaluation and provide constructive comments for improvement.
Step 2. Discuss protist species characteristics (~ ½ hour). The class will discuss what they have learned about their assigned protist species and create a list of phenotypic characters for use in phylogenetic analysis. 

· Create phenotype table. Your TA will have created a phenotype table based upon the species characteristics notes you provided prior to lab. Each species is scored for the presence (1) or absence (0) of each characteristic. The goal is to have one table that lists all protist species assigned and notes which phenotypic characters they possess.
Step 3. Build protist phylogeny based on phenotype (~ ½ hour). You will be employing a software package (Mesquite)(Maddison and Maddison, 2007) to infer a phylogeny for your protists based upon the characteristics you listed in Step 2. Your TA will introduce you to Mesquite, however you will need to spend time on your own learning how to maneuver within the software.
· Using Mesquite
· Open Mesquite application
· File > Open File… > browse for ProtistPhenotypes.nex
· Click on Taxa & Trees > Tree Inference > Tree Search > Mesquite Heuristic
· In the pop-up menu choose Treelength (then click ok)
· Then choose SPR rearrangements (then click ok)

· Keep the number of MaxTrees default of 100

· On the next window, click NO

· The tree search will begin. When it is finished a tree window will open. 

· Choose the re-root tool and click anywhere on the branch of the outgroup (we will choose the appropriate outgroup during lab)
· Next choose the ladderize clade tool and click on the branch representing the root of the tree.

· Click File > Save Tree as PDF (when you name the file, provide the PDF extension).

· Examining your tree. Spend time examining the resulting tree. Note how different characteristics impact the resulting tree branching patterns. To see which characters contribute to which branches do the following:
· Mesquite is an excellent program for tracing the evolution of character states. Your TA will illustrate how to trace individual characters.

· Analysis > Trace Character History > Parsimony > Ancestral States

· Then toggle through the characters and identify which characters impacted the basal nodes, which characters occur repeatedly through the tree, etc.
· Some of the questions you will want to address include:
· Are there characters that switch from state to state frequently on the resulting tree?

· Are there characters that result in polytomies (many taxa emerge simultaneously at a single node in the tree)?

· Are there characters that show convergent evolution (homoplasy)?

· Are there key characters that define large groups of protists?

· Should you remove any characters and rebuild your tree?

· Should you consider other characters?

· Should you consider additional taxa?

Step 4. Align your sequences (~ ½ hour). You will align the 16s rRNA sequences you obtained for each species within Mesquite, using the program called Muscle (Edgar, 2004). Your TA will show you how to proceed.
· Importing sequences

· Go to Mesquite and click on File > New

· Name the file Protist16s

· A popup menu will appear: Do you want to include taxa? Enter the number of protist species in your class. Check the Make a Character Matrix.

· A popup menu will appear and ask you to name the file (Protist Sequences), leave the default number of characters, and choose DNA data.

· A new matrix will appear on the screen, now you have to fill in the sequence characters, which is easy to do: go to Matrix > Utilities > Fetch and Add DNA Sequences
· A popup box will appear into which you paste the list of 18s accession numbers created in Step 4.

· The matrix will now be populated with the DNA sequences.

· Aligning sequences

· In the matrix window, click on Matrix > Align Multiple Sequences > Muscle Align

· Click no on next popup

· The next popup menu will permit you to browse for the Muscle software, which is deposited on your desktop. 
· The alignment will appear in the original data matrix window.

· Save these data with the name: ProtistMolecules

· Examine your alignment.
Step 5. Build protist molecular phylogeny (~ ¼ hour). You will now construct a molecular based phylogeny.
· Use the tree building instructions from above
· Use the ProtistMolecules.nex matrix
· Choose DNA sequences as the character type.

· Examine your molecular phylogeny.

Step 6. Compare the phenotype and molecular phylogenies (~ ½ hour). The class will engage in a group discussion about the morphological and molecular phylogenies. Some of the following questions will be addressed.

· Do the two trees predict the same evolutionary relationships? If not, how much do they agree or disagree? Mesquite provides tools to compare trees that may prove useful.

· What is the relative value of morphological versus molecular data in exploring evolutionary relationships among protists? Does one tree seem to provide a “better” tree, based upon what you have learned about your protist species?
· Compare your trees with the Tree of Life web project – start at the root of the ToL and click up from the root to find where your taxa lie on the ToL (http://tolweb.org/Life_on_Earth/1) (Maddison and Schultz, 2007). Does this comparison help you determine whether your phenotypic versus molecular tree provides a “better” representation of protist evolutionary relationships?
Step 7. Assignments. Prepare a team written lab report for the phylogenetic portion of the lab, details will be provided by your TA. To prepare for next week’s lab – read the Antibiotic Resistance Lab Manual – on Moodle.
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