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[bookmark: _Toc30710149]I. Instructor Materials
[bookmark: _Toc30710150]Access to the PARE Global Database
[bookmark: _Toc349327155]The PARE website includes a host of materials in addition to the most updated version of this guide. At the end of participation in each module, students submit their data into a national collection of PARE data (the PARE Global Database) using the Data Upload tab on the PARE website. 

PARE website:
https://sites.tufts.edu/ctse/pare

Password for PARE Data Upload:
Data upload is restricted to those in the PARE network. Anyone can join the network after an introductory phone call. Login information is contained in the Welcome Letter provided to all new instructors. Contact carol.bascom_slack@tufts.edu for more information. 

Student-generated data can be added to the database after completion of each module. 
Each module has its own unique entry form (links found on the Data Upload tab of the PARE website); data from a specific soil sample is connected to other entries from the same sample through use of a unique soil ID. 

Feedback and suggestions are always welcome. Send comments to:
Carol.bascom_slack@tufts.edu
[bookmark: _Toc30710151][bookmark: _GoBack]Major changes from previous manual
· New database entry system
· Revised (reduced) soil data collection sheet
· Downloadable Error-checking Spreadsheet
· Revised PARE Calculations Worksheets
[bookmark: _Toc30710152]Introduction
Why assess the prevalence of antibiotic-resistant bacteria in the environment?  Emergence of infections that are resistant to treatment with standard antibiotics has become all too common and, according to the Centers for Disease Control (CDC), antibiotic-resistant infections are responsible for at least 23,000 U.S. deaths per year (1). The emergence of antibiotic-resistant infections has been declared a worldwide threat to public health by the World Health Organization (2). Individuals generally do not become infected through handling of environmental soil, but soils exposed to high levels of antibiotics tend to harbor high levels of antibiotic-resistant microbes. 

In turn, studies have indicated that people who work or live close to those soils are likely to harbor relatively high levels of resistant microbes on their skin or in their intestinal tracts as part of the population of normal microbes associated with our bodies (3, 4). When antibiotics are used in the home, hospital or farm, the surrounding environment is likely to become exposed due to antibiotics excreted in the feces, discarding of unused prescriptions, and agricultural run-off spread through waterways. These antibiotic pollutants, in turn, can select for growth of resistant microbes in the affected area (5). There have been calls for an environmental surveillance system to track levels of antibiotic-resistant microbes in hopes that it will allow researchers to understand more about the links, if any, to resistant human infections (6). 

To develop an understanding of the prevalence of antibiotic-resistant microbes across a large geographic range requires reporting at many different sites where all values are determined using the same methodology. This project provides a template for students around the country to coordinate efforts using a “crowd-sourcing approach” to track environmental antibiotic-resistance in a way cannot be accomplished by a single research group. 
Evolution and tracking of resistance
Many bacteria and fungi harbor genes to produce antibiotics, perhaps as a mechanism for “biological warfare” or as signals for communication. In turn, these microbes have evolved genes that confer resistance to these potentially harmful antibiotics. Among a natural population of bacteria, a few may be resistant to a particular antibiotic, but when large amounts of antibiotics are introduced through medical or agricultural use, the few resistant bacteria are able to survive and multiply while those that are sensitive die. This, along with special mechanisms of horizontal gene transfer unique to bacteria, can lead to relatively quick spread of antibiotic resistant microbes (7). 

One step the CDC recommends to help combat these deadly infections is to track resistant bacteria. The CDC, in collaboration with several partners, implements various surveillance systems to monitor antimicrobial resistance associated with humans or food animals. The Reservoirs of Antibiotic Resistance Network (ROAR) database collects resistance data on commensal or pathogenic bacteria isolated from human or animal sources and from soil and water. These current efforts focus on detection and reporting of antibiotic susceptibility patterns in microbes known to infect or reside in humans and from sources directly exposed to antibiotics. While data from these sources are important for identifying trends and changes in antibiotic resistance, little is known about the general prevalence of antibiotic resistance determinants throughout the environment in our soil and water. Studies aiming to measure environmental antibiotic resistance have been carried out by individual research groups in localized areas. While these studies have made important contributions to our understanding of antibiotic resistance reservoirs, individual research groups do not have the capacity to assess the prevalence of antibiotic resistant microbes in the environment in a comprehensive way. However, we know that both antibiotics as well as antibiotic-resistant bacteria are disseminated throughout the environment as a result of commercial antibiotic use. Furthermore, bacteria harbor the ability to transfer genetic material such as genes encoding antibiotic resistance to other bacteria in the environment. We propose that identification of environmental “hot spots” for antibiotic resistance may lead to stewardship efforts to prevent spread that could ultimately lead to emergence of antibiotic resistant infections. On a technical note, while many organisms present in an environment may survive in the presence of antibiotics because they harbor genes encoding resistance determinants, other organisms may survive by slowing growth. These organisms are referred to as persistent rather than resistant. Our methods cannot formally distinguish between the two, but we will use the term ‘resistance’ and ‘antibiotic-resistant bacteria’ to refer to those organisms isolated from student soil samples on plates containing antibiotic. 

The overarching goal of this project is to harness the work of students to compile a comprehensive database (the PARE Global Database) in which the relative frequency of antibiotic resistant microbes is catalogued. Identical sampling and culturing methods will allow comparison of results across the various geographic regions of the project partners. This information can be used to determine if there are geographic correlations between environmental area and the prevalence of antibiotic resistant microbes. In addition, this data will allow us to determine whether prevalence of antibiotic resistant microbes is changing over time, for a particular area. Identification of resistance “hot spots” may allow future PARE groups to focus on these sites and gather more detailed information about the radius of spread from a particular area of high incidence. Furthermore, detailed environmental surveillance may help researchers study whether clinical outbreaks of antibiotic-resistant infections are linked to environmental reservoirs of resistant bacteria. 
Education
Multiple studies report the importance of research experiences for retaining students in the sciences and for persistence in college in general (8-12). This project serves as a gateway into authentic research for instructors because each module only requires a few hours of class time, are relatively inexpensive and do not require instructor training. Instructors are encouraged to expand the project over time, either choosing from the collection of PARE modules or developing their own research extension tailored to their specific expertise or classroom topics. There is opportunity for students to ask a scientific question (e.g. what sites would be expected to harbor high levels of antibiotic resistance?), and they will learn to gather, record, present and analyze data. They will also learn that authentic science can be messy! Students sometimes find their first attempts at authentic research frustrating; because of this it is important that students are given positive feedback and are not penalized for obtaining inconsistent or negative results.

Keep in mind that this is an authentic research project for which the outcome is uncertain and the results are not always as clear as those shown in textbook graphs and figures. This can be frustrating for students who are used to a traditional “cookbook” laboratory experience. Some students may perceive their inability to arrive at a defined result as a measure of their competency to pursue science. Instructors can counter this perception by providing encouragement and positive feedback, regardless of student results. In other words, the emphasis should be on the process, not the outcome. 

Most prevalence data in the literature are from human isolates or from fecal samples of wild animals (e.g. rodents, birds, etc.). For environmental reports, frequencies vary widely with higher numbers generally correlating to sites exposed to antibiotics (animal husbandry farms, wastewater treatment facilities, pharmaceutical effluents, etc.). The frequency of antibiotic-resistant, culturable bacteria for the students’ sample sites will not be known until students plate their samples. Regardless of the individual results, there are opportunities to learn (e.g. creating serial dilutions, calculating colony forming units, understanding the process of science, understanding the value of negative results). One of the most important aspects of this and other authentic research projects seems to be the notion of ownership (13, 14). When students play a role in choosing the sample site, analyze their own data, and understand their role in contributing to an important scientific question, they become more engaged in the work. The project also provides an opportunity for students to analyze their results, consider why errors may have occurred, and to repeat. This iterative nature of science is often lost in the traditional teaching laboratory due to an emphasis on covering content rather than teaching about scientific practice. Instructors are encouraged to recognize the value to students of reflection on their results followed by the opportunity for iteration (What will you do differently next time?). 
[bookmark: _Toc30710153]Learning Objectives
Upon completion of the core PARE module, students will be able to:
1. Express and convert numerical values between fractional, decimal, and scientific notation.
2. Calculate the number of colony forming units per gram of soil.
3. Explain the rationale and process for performing serial dilutions on microbiological samples.
4. Explain how antibiotics can provide a selective pressure influencing natural selection of microbial populations.
5. Describe the potential implications for human health posed by the presence of antibiotics in the environment.
6. Represent or interpret a given set of authentic  ("noisy") data in a table, graph, etc.
7. Reflect on unexpected experimental results and determine nature of error/troubleshoot.
[bookmark: _Toc30710154]Safety Issues
Both students and instructors should be trained in Biosafety Level-2 (BSL-2) safety procedures prior to embarking on this project. Student protocols were created to comply with the American Society of Microbiology Guidelines for Biosafety in Teaching Laboratories (15). These guidelines state that culture of environmental unknowns may occur in a BSL1 lab, but should be sealed, stored in a secure location, and only observed, not opened or subcultured. We recommend using BSL-2 safety procedures and personal protective equipment for use with BSL-2 work. It should be noted that students will be culturing environmental unknowns which could be potential pathogens. Moreover, students will be selecting for those organisms that are resistant to tetracycline. Tetracycline was chosen, in part because it is not a front-line antibiotic for treatment of human infections. However, due to the nature of horizontal transfer of resistance determinants, it can be expected that tetracycline-resistant (TetR) organisms may also harbor resistance to other antibiotics. After observation, plates must be autoclaved prior to disposal. Attention should be paid to students’ personal protective equipment including, but not limited to, safety goggles, lab coats, closed-toe shoes, and gloves. Work surfaces must be disinfected at the end of class and note-taking areas need to be separate from the area where work with microbes occurs. Prior to release of password protected instructional materials, the safety guidelines are emphasized. Instructors are also directed to consult with safety personnel at their institution to ensure that this work conforms to their institutional biosafety requirements. 

[bookmark: _Toc30710155]Methods (abbreviated):	
A complete description of the methods is available in the Student Materials (Section II). For additional tips on methods and materials, refer to the Instructor Tips section below. The overall goal is to calculate and record the percent of tetracycline-resistant (TetR) colonies that grow per gram of soil. 
  
[image: ]


1. Soil sample collection and data entry
· A team of 4 collects 1 soil sample
· Enter soil collection location data into PARE Global Database (using smartphone). For this core PARE module, students will fill out two survey forms, one at their soil collection site using their phones, and the second after colony counts and percent resistance have been determined. Surveys are accessible on the Data Upload page of the PARE website. 
· Record data on Soil Data Collection Sheets (important for documenting the Soil ID)
2. Serial dilutions
For each soil sample, one serial dilution is performed as follows:
· Label 5 tubes: 1/10, 1/102,1/103,1/104,1/105
· Fill each tube with exactly 9 ml of sterile water. 
· Measure 1 gram of soil and add it to the 1/101 tube. 
· Vortex for 1 minute to mix (or sonicate if possible).
· Use a transfer pipette to transfer exactly 1ml of soil solution from the 1/101 tube to the 1/102 tube. Mix thoroughly by vortexting or shaking then repeat, transferring each time from the newest dilution.
3. Plating
Two plate sets (plate set 1 and 2) will be created from the serial dilution. Each Plate set contains: 5 no-antibiotic (“NA”) plates, 3 plates with 3μg/ml tetracycline (Tet3) and 3 plates with 30μg/ml tetracycline (Tet30 plates). All plates contain 10μg/ml amphotericin (antifungal). See “Master Supply List” below for plate media recipes. Team pairs each create one plate set (two plate sets per soil sample/team). 
· Label each plate with team name, the plate type, the dilution (e.g. 1/102,1/103,1/104, etc.), and plate set (P1 or P2). 
· -Dilution labels for the 5 NA plates: 1/101 through 1/105 . 
	-Dilution labels for the 3 Tet3 plates and 3 Tet30 plates: 1/101 through 1/103
· Pipette exactly 200µl (0.2 ml) diluted soil from the dilution tube to the corresponding plate. Vortex just prior to pipetting. 
- e.g. Pipette 0.2ml from the 1/103 tube to each of the 1/103 plates (NA, Tet3, and Tet30). 
· Spread diluted soil sample on plates evenly using sterile glass beads or sterile spreader. 
· Wrap all plates in parafilm and incubate at 28oC for 72 hours. Incubate plates with lid side down. For safety reasons, keep plates sealed in Parafilm to reduce exposure to the microbes. 
4. Counting colonies and performing calculations
Team pairs will count their plate set independently, and then arrive at consensus count for their plate set. Pairs then swap plate sets and count the replicates. Collectively, teams will ultimately arrive at one set of calculations for each plate set to enter into the database. Here is a basic overview of that process:
· Observe the colony growth on the plate sets for each dilution to assess whether there are any obvious errors in the dilution or plating technique.
· Identify the “most countable” NA, Tet3 and Tet30 plate from each set; “most countable” refers to plates with between 30 and 300 colonies. 
· Each student in a pair should independently count and record the total number of colonies on each “most countable” plate. 
· Reach consensus within each pair about colony counts. Students fill in Table 1a (for plate set 1) or Table 1b (for plate set 2) in the Calculations Worksheet (Section II), 
· Swap plate sets with the other team pair and repeat the counting process for an independent count of each plate set. Fill in the remaining Table 1 (a or b). 
· Calculate total colony forming units (CFUs) and percent tetracycline resistance (TetR) for each plate set. Instructions available in the Student Materials section (Section II). Enter the information into the Calculations Worksheet (Section II). 
· Teams enter data for both plate sets into the Error-Checking Spreadsheet (downloadable from the PARE website). Either enter all data onto a single computer or into a cloud-based version of the spreadsheet so all classroom values can be compared. 
· Compare entries to those of other teams within the classroom to assess whether correctable calculations errors were made. Correct mathematical errors on the Calculations Worksheet if necessary.
· [bookmark: _Toc349327161]Once team members are in agreement about the values for both plate set 1 and 2, teams should enter Colony Counts and Percent Resistance data into the PARE Global Database. 
5. Enter Colony Counts and Percent Resistance data into the PARE Global Database. 
· The Sample ID generated upon soil data entry will need to be entered identically in order for the resistance data to display on the interactive map.
· Enter data by following the appropriate survey link found on the Data Upload page of the PARE website. 
[bookmark: _Toc30710156]Master Supply List
List of supplies and vendors is provided below. Vendors and catalogue numbers are provided to guide ordering, yet many vendors and quantities other than those shown are available. 
Alternatively, one of our PARE partners, Brad Goodner, has volunteered to put together a kit of supplies through his college store (Hiram Genomics Store). The price is approximately $25 per plate set ($50 per soil sample). One ~$50 kit includes:
· 22 plates (MacConkey agar preferred; other options are Nutrient Broth Agar, R2A, or 1/100 Nutrient Broth Agar)
· Disposable transfer pipettes
· Plating beads (can be autoclaved and reused)
More information can be found here:
https://geni-science.org/hiramgenomicsstore/

To order:
hiramgenomicsstore@gmail.com

Soil Sample and Data Collection (supplies are per soil sample)
· 1 sterile, plastic, sealable tube
· Evergreen Scientific 222-2470-G8K (Thermo Fisher Scientific 05-558-33C)
Or 1 zip-style plastic sandwich bag
·    URL for Soil Data entry website (Data Upload tab on PARE website; password necessary)
· A smart phone or device to enter GPS location information and collection site data into the PARE Global Database; alternatively, for students without smart phones, data can be entered on a computer at home or school. 
· Plan for labeling each sample (permanent marker on tubes or labeled masking tape on plastic bags, etc.)
· Uline Inc S-19421BLU-DZ
· Soil Collection Data sheets (Section II)—one for each student

Serial Dilution (consumable supplies are per serial dilution) 
· Balance for measuring 1 g soil
· Fisher S94793A
· Weigh paper
· Fisher 09-898-12C
· Marker to label dilution tubes and plates
· VWR 52877-310
· 5 sterile tubes that can contain a volume of 10ml 
Note: Capped tubes are preferable so students can mix very well through shaking or vortexing prior to each dilution.  
· Evergreen Scientific 214-2427-03K (Fisher 05-540-1)
· Globe Scientific 6260F (Fisher Scientific number 22-170-194) 
· Fisher 05-527-45 
Or sterile, reusable glass test tubes (for all but first dilution)
· Corning Life Sciences Glass 70800-16 (Fisher 07-250-116)
· 60ml sterile water 
· 1 sterile pipet to transfer 9ml volume
· Fisher S68228D
· Bulb for pipets
· Fisher 13-681-50
· Vortex mixer
· Fisher 02-215-360
· Timer or watch with second hand
· 1 sterile, disposable transfer pipet with 1ml markings
Recommended to order several extras
· Globe Scientific 137135 
· Waste container for used plastics

Plating dilutions onto media with and without antibiotics
· 11 sterile, disposable transfer pipets with 0.2ml markings (for plating; assuming pipet change for each plate; this number can be reduced significantly if students plate all of one dilution using the same pipet or work from lowest concentration to highest). 
Recommended to order several extras
· VWR 414004-025 (sterile)
· Globe Scientific 139116 (note: these are not sterile and are packaged in bulk. Nonetheless, they will be sterile enough for our purposes—not much grows on plastic. They cannot be autoclaved. Instructors should bundle into small bunches for each team to avoid contamination of the batch).
· VWR (non-sterile) 16001-172

Instead of disposable transfer pipets, instructors may choose to use micropipets with disposable sterile tips. Transfer pipets are less accurate but students are far less likely to make major mistakes than with micropipets.  
· Permanent marker to label plates
· VWR 52877-310
· Waste bucket for disposable transfer pipets and beads (if using) 
· For spreading cells on plate, one of the following three options:
1. Glass or metal reusable spreader (flame and ethanol required)
· Bel Art F377360009 (Fisher 08-769-2B)
2. Disposable spreaders (no open flame required)—11 per soil sample (3 if re-using the same spreader—refer to instructor note in plating methods section) Regardless of count, be sure to order extras. 
· Fisher14-665-230
3. Sterile beads for spreading (these can be collected, autoclaved and reused). About 5ml per plate set 
· Fisher 11-312C “economical glass beads for distillation columns”
· Walter Stern Inc. 100C/EMD (Fisher S80024)
· 28°C incubator (strongly preferred over other temperatures) 
· Parafilm M 
·  Curwood Wisconsin LLC PM992/EMD (Fisher S37441)
· Plates (see media recipes below):
· 3 Tet3   (MacConkey agar + amphotericin B (10 μg/ml) + tetracycline (3 μg/ml))
· 3 Tet30 (MacConkey agar + amphotericin B (10 μg/ml)  + tetracycline (30 μg/ml))
· 5 NA 	    (MacConkey + amphotericin B (10 μg/ml))

Media (one liter of liquid agar yields about 30+ plates)
· MacConkey dehydrated medium (strongly preferred over other media)
· BD/Difco 220100
· Alternative media:
· Nutrient broth medium (35g/L)	
· BD/Difco 234000
· R2A dehydrated medium 	
· BD/Difco 218262
· Agar (15g/L)
· BD/Difco 214050
· Petri plates (100 x 15mm)
· VWR 25384-342
· Thermo Scientific R80116
· Tetracycline hydrochlordide powder
· Sigma Aldrich T8032-10MG
· 70% ethanol (buy 95% and dilute)—for mixing tetracycline stock solution
· Amphotericin B powder
· Sigma Aldrich A4888, A2411
· DMSO (dimethyl sulfoxide)—for mixing amphotericin B stock solution
· Sigma Aldrich D8418

Colony Counts and calculations
· Ethanol-soluble marker pens to mark colonies if counting directly from plates 
· VWR 52877-310
· Calculators for student calculations
· “Calculations Worksheet” (Section II)—one for each student
· Error-Checking spreadsheet (instructor downloaded and converted to cloud-based or presented on a single computer for student group entry into a single document)

Colony Counts and Percent Resistance data entry
· “Calculations Worksheet” (Section II)
· Computer access (with internet) 
· URL to access Colony Count and Percent Resistance entry form (Data Upload tab on PARE website; password necessary)
· PLEASE review the Instructor Tips section on Data Entry and the Student Materials (Section II, part 7. Data Entry) prior to class! Sharing of data generated is a critical component of the research process. 

9. Presentation and analysis of data
· Spreadsheet containing all classroom data or the entire PARE network dataset 
· A simplified version of previous years’ data can be accessed on the PARE website. 
· A non-curated spreadsheet of current data is available on request
· Refer to the Instructor Tips section (Student Reflection and Presentation) for data analysis and presentation suggestions. 

Media Recipes
Media recipes are for 1L. One liter of liquid medium yields about 30-35 plates. Tetracycline and Amphotericin B are added after autoclaving but before plating. 

Tetracycline Stock Solution
Tetracycline is light sensitive so stock mix and plates should be kept in the dark. Tetracycline stock should be mixed at a concentration of 15 mg/ml in methanol or 70% ethanol and stored at   -20°C. Tetracycline is light-sensitive, so stock should be stored in a light-blocking container or one wrapped with foil. It is also temperature-sensitive so it must be added to medium after autoclaving, once the flask can be touched comfortably (45-55°C). It should be very warm, but not uncomfortably hot. Swirl to mix well and pour plates. Plates will remain stable for at least four weeks if kept at 4°C in the dark.
3 μg/ml medium: add 0.2 ml of tetracycline (15 mg/ml) stock solution to 1 L
30 μg/ml medium: add 2 ml of tetracycline (15 mg/ml) stock solution to 1 L

Amphotericin B Stock Solution
Stock solution should be mixed at a concentration of 10 mg/ml (1000x) in dimethyl sulfoxide (DMSO) and stored at 4°C, protected from light. As with the tetracycline, add to medium after autoclaving once it has cooled to 45-55°C (assessed by touching the flask). 
10 μg/ml medium: Add 1 ml of 10 mg/ml stock to 1 L of medium.

MacConkey + Amphotericin B (MacConkey is PARE’s preferred medium)
MacConkey powder (follow directions on bottle for amount—usually ~50g)
15 g agar
bring to 1L with water
Autoclave
Add 1 ml of 10 mg/ml Amphotericin B stock once flask has cooled enough to handle
Swirl to mix well before pouring

Or Nutrient Broth Agar + Amphotericin B 
Nutrient broth powder (follow directions on bottle for amount)
15 g agar
bring to 1 L with water
Autoclave
Add 1 ml of 10 mg/ml Amphotericin B stock once flask has cooled enough to handle 
Swirl to mix well before pouring

Or R2A + Amphotericin B
Difco R2A powder (follow directions on bottle for amount—usually 18.2g)
bring to 1L with water
Autoclave
Add 1 ml of 10 mg/ml Amphotericin B stock once flask has cooled enough to handle
Swirl to mix well before pouring

Tet3 (culture medium + 3 μg/ml tetracycline)
MacConkey powder (or nutrient broth or R2A medium powder)—follow manufacturer instructions
15 g agar
bring to 1 L with water
Autoclave
1 ml of 10 mg/ml Amphotericin B stock (once flask has cooled slightly)
0.2 ml of 15 mg/ml tetracycline stock (once flask has cooled slightly)
Swirl to mix very well before pouring

Tet30 (culture medium + 30 μg/ml tetracycline)
MacConkey powder (or nutrient broth or R2A medium powder)—follow manufacturer instructions
15 g agar
bring to 1 L with water
Autoclave
1 ml of 10 mg/ml Amphotericin B stock (once flask has cooled slightly)
2 ml of 15 mg/ml tetracycline stock (once flask has cooled slightly)
Swirl to mix very well before pouring
[bookmark: _Toc341299279]

[bookmark: _Toc30710157]Instructor Tips on Methods and Materials
Protocols are in the Student Materials (Section II); this section is teaching tips only. We suggest instructors refer to this section as questions about the materials and methods arise. 
[bookmark: _Toc30710158]Soil Sample and Data Collection and Entry
Data Entry
Students will use their smart phones in the field to enter GPS location (and other) data at the collection site. This can be done by accessing the Data Entry Tab on the PARE website. They can immediately go to the display map to verify that their “dot” has been captured. 
MAKE SURE THEY RECORD THEIR SAMPLE ID. 

Number of plates 
Keep in mind that EACH soil sample will be diluted once and plated two times for quality control purposes. Each plate set has 11 plates, so each soil sample requires 22 plates total. To reduce plate requirements per class, instructors will need to assign more students per sample collection team. It is advisable to think carefully about the total number of students and plates required when determining how to divide up collecting and plating teams. Most instructors use teams of four students per soil sample. 

Collection locations. 
A site with known fecal contamination (where animals frequent) is likely to harbor more growth and may be more satisfying to analyze because, starting in 2017, students will plate onto MacConkey agar, which selects for gram negative and enteric bacteria (those found in the gut). Collection teams may collect at a site of their choice; alternatively, the entire class may perform sampling at a single site. Multiple samples from a single site may be preferred to facilitate a class activity calculating variance. In addition, some instructors have chosen to perform longitudinal studies to monitor changes over time at a single site. Students should seek permission for collecting on private property. 

Negative results. Some students may not observe many (if any) tetracycline-resistant microbes at sites that are not exposed to antibiotics (although some microbes are intrinsically resistant). We are interested in documenting sites of high resistance but also those of low resistance and following patterns over time. A discussion regarding the value of ALL data can help students to understand the process of scientific discovery and the value of their individual results. 
[bookmark: _Toc30710159]Soil Sample Serial Dilution and Plating
Serial dilutions and plating requires practice. The PARE methods, while used in any standard microbiology laboratory course, are difficult for novice students. Evidence indicates that a high percentage of student error is introduced during the dilution and plating portion of the project. Instructors are encouraged to spend time allowing students to practice either with dilution of dye or by performing an actual bacterial serial dilution using a control of E. coli at known concentration. Data analysis and iteration is an important component of the scientific process; this “practice run” will allow students the opportunity to analyze their results, assess the source of any errors and to make corrections upon repeat. 
Assessing total number of organisms present. To assess the percent of microbes that are resistant to an antibiotic, students must first gauge the total number of bacteria present as a yardstick for comparison. There is no perfect way to enumerate the total number of bacteria present in a given soil sample, but one method to assess numbers is to determine colony forming units (CFUs) per gram of soil. The soil is suspended in sterile water and plated onto growth medium. We infer that each colony is derived from a single cell that was able to undergo enough cell divisions to produce a colony visible by naked eye, so the unit of measure is technically “colony forming units” or CFUs, not cells. CFUs are generally reported per gram of solid (or milliliter of liquid), so students will assess the number of CFUs per gram of soil. 
Students often fail to grasp the magnitude of this number and how to quantify from their sample. An interesting activity is to ask the students to brainstorm about how to assess the number of cells in their soil prior to distributing the protocols. A common response by students is to plate the soil directly on the Petri dish. However, this will not allow for separation of individual colonies and instead results in a zone of confluent growth surrounding the soil. Discussion of this result can lead into a discussion of the value of serial dilutions. 
A helpful instructional video can be found here:
https://youtu.be/nlQZ3iz4m8U

Note that our protocol differs slightly from the video. In particular, students will want to perform all of their soil dilutions at one time, using the same pipet. Care must be taken to mix very well before transferring. Students may then use a single pipet to transfer the dilutions to all of the plates of a particular plate type, then spread. This will ensure that only four pipets are used. Care MUST be taken not to set the pipet down between uses. Sterile glass beads are used for spreading bacteria onto the plates in the video. This method or a spreader will work.

Choice of growth medium. 
There is a huge diversity of bacterial species present in the soil and this diversity varies with geography. Samples may contain sulfate-reducing, denitrifying, ammonifying, nitrifying, urea-hydrolyzing, amylolytic bacteria and others, each requiring a specific growth medium. No single medium will support growth of all bacteria present. In the past, the PARE project has used nutrient broth agar, a non-selective, “all purpose” growth medium that supports a diversity of species. While this growth medium supports a wide range of bacterial species, colony enumeration can be challenging due to the diversity of colony morphologies.. Because of this we have switched our preferred media to MacConkey agar. MacConkey will select for Gram-negative organisms and generally yields colonies with more uniform growth patterns.. When we analyze our entire dataset, entries using MacConkey had overall higher levels of resistance than Nutrient Broth Agar. MacConkey agar will likely yield fewer total colonies than nutrient broth, though areas with fecal contamination are likely to yield significant colony counts. MacConkey medium also contains a pH indicator to differentiate lactose-fermenting organisms, but this is unnecessary for the protocols described here. 

We strongly prefer that all classes use MacConkey agar.
If you are unable to obtain MacConkey agar you can choose to use nutrient broth agar or R2A. 
R2A is a low nutrient medium commonly used to isolate organisms from the soil. The low nutrient levels prevent some of the fast growing colonies from overtaking the plate, but the diversity level (morphology types) will be higher than that observed on MacConkey. Nutrient broth agar is the richest and least selective, so students are likely to need to count from their most dilute plates. Conversely, on MacConkey and R2A media, students may find that they count from less dilute plates. We encourage instructors to do a trial dilution and plating from soils typical of their area prior to class.

If you do choose to use Nutrient Agar, a video to assist students and instructors in the colony counting process is available here:
https://youtu.be/nKFzlAuEyII

IMPORTANT: If you choose to use Nutrient Broth Agar, students should perform one additional serial dilution (1/106) and should plate the 1/102 through 1/106 dilutions onto the “No Antibiotic” medium instead of the 1/10 through 1/105 dilutions as directed. There are no changes to the Tet3 and Tet30 platings. An alternative form of the “PARE Calculations Worksheet” that corresponds to these dilutions is available for download on the website. 

Choice of antibiotic. We have chosen to test for resistance to tetracycline, an antibiotic that blocks protein synthesis. Tetracycline is inexpensive, easy to use and it is one of the most commonly tested and widely prevalent resistances reported in environmental isolates. It has been used widely in agriculture and veterinary practice and yet it currently has limited clinical use in humans, decreasing safety concerns. The PARE protocols require testing only of tetracycline, but instructors may wish to incorporate additional antibiotic testing into their protocol. Follow BSL-2 or greater safety procedures when isolating antibiotic-resistant organisms from the environment and do not have students sub-culture these organisms. Keep plates Parafilm-wrapped. 

Antifungal. Fungi are prevalent in soil and will obscure growth of the bacteria present; therefore, it is imperative that an antifungal agent is added to the growth medium. Amphotericin is suggested, but if it proves too costly, we suggest cycloheximide as an alternative. Cyclohexamide is inexpensive, but toxic to human cells so caution must be used in the student laboratory. 

Antibiotic concentration. The minimal concentration of antibiotic that prohibits growth under a set of standard conditions can differ between species and even for different isolates of the same species. Standard guidelines for assessing antibiotic resistance or sensitivity are based on clinical criteria and vary depending on the species and antibiotic being tested. Most studies assess the minimal inhibitory concentration (MIC) or growth inhibition zone of pure cultures, which is not an option in this type of study. Just as clinical isolates vary in the concentration of antibiotic required to inhibit growth, the MIC of tetracycline reported for environmental isolates can range from well under 1 μg/ml to over 250 μg/ml (16, 17). Determining an appropriate concentration of tetracycline for our studies is problematic, but we have settled on two values:  a relatively low, but relevant level of 3μg/ml and a ten-fold higher, more clinically relevant level of 30 μg/ml. Testing two concentrations of tetracycline does increase the cost and the workload for students, but preliminary studies have indicated that it is of value to observe calculations for both concentrations. Plates containing the lower concentration of tetracycline will allow growth of organisms with a low level of resistance that would not be observed using the higher concentration. Any level of resistance in the environment is significant to gain an understanding of potential resistance reservoirs under non-selective conditions. 

Labeling plates. Undergraduates should take care in labeling the plates neatly and along one edge of the plate (rather than across the entire plate). Students may need to be reminded of appropriate nomenclature (e.g. that 1 x 10-3 is the same as 1/1000)

Parafilm. Wrapping plates with Parafilm prior to incubation is required to prevent exposure to microbes. 

Incubation. To reduce variability and improve data quality we strongly suggest all classes incubate plates at 28oC for exactly 72 hours (3 days). 

· If a 72-hour incubation is not feasible, our second and third preferred incubation times are 48 hours (2 days) and 96 hours (4 days), respectively. In any case, please try to remove plates from incubation at the 72 (or 48 or 96) hour mark. After removal from the incubator, plates can be stored at 4oC until students are ready to count them. 
· We strongly prefer all classes incubate plates at 28oC. If a 28oC incubator is not available, plates can be incubated at a different temperature, including room temperature. Please take care to note this difference when entering data into the PARE Global Database. Incubation time may need to be adjusted to prevent over-growth. 
· All plates should be incubated lid side down to prevent condensation from falling on the agar surface. 
[bookmark: _Toc30710160]Colony Counts 
Colony enumeration may be frustrating. Students may obtain a number of different species on their plates (especially with media other than MacConkey), resulting in a broad arrange of colony morphologies (sometimes affectionately referred to as a ‘zoo’). This can be daunting for instructors who are accustomed to working with pure cultures or who don’t have vast microbiology experience. Use the Facebook group for instructors only (“Prevalence of Antibiotic Resistance in the Environment” group) to ask other instructors for advice, upload photos and to learn how others would cope with your situation. The use of MacConkey agar (rather than Nutrient Broth Agar as in past years) creates more uniform colony types. Students should count all colonies, regardless of how small. Accuracy is improved by holding the plate to the light and tilting it at various angles to observe tiny and flat colonies. Amphotericin B added to the medium is an anti-fungal agent that should decrease the “fuzzy” growth that can extend over large portions of the plate. However, some motile and fast-growing bacteria will obscure growth of tiny colonies. It is important to convey to the students that data can be very messy and this is one reason that replication is essential. One rarely observes “clean” results on the first attempt. A video to provide guidance in how to count colonies from a soil sample plating is available here:
https://youtu.be/nKFzlAuEyII
 
Counting together as a team. Each student within a team should count the number of colonies for each “countable” plate. Partners counting the same plate set should first compare numbers and arrive at a consensus. The team should then reach consensus for each plate set prior to upload in the PARE Global Database. Prior to PARE Global Database entry, we strongly suggest a classroom activity for comparison across the classroom and to facilitate identification of counting and calculation errors. We provide the downloadable Error-Checking Spreadsheet for this (on the PARE website). Refer to the tips on Data Entry below and specific instruction for students in Section II.  
[bookmark: _Toc30710161]Calculating the Number of Colony Forming Units per Gram of Soil
Counting and calculating twice for each plate help identify possible errors. All team members should be held responsible for correct database entry. 

Frequency of Tetracycline-Resistant Colonies
Keep in mind that some cells will be able to withstand the low (3 μg/ml) level of tetracycline but not the higher (30 μg/ml) concentration used. There is no set concentration below which an environmental organism is considered resistant. In clinical testing of human isolates, the concentration of antibiotic used to determine if an organism is labeled as resistant varies depending on the species of bacteria. Determination of resistance in the clinic is based on how different species respond to the normal dose of antibiotic administered in the course of treating an infection. 

It is expected that few students will obtain many colonies at the higher concentration of tetracycline and many will not obtain any resistant colonies at either concentration. What is important is the entire set of results from all PARE participants. Knowing that there are no detectable tetracycline-resistant cells at a particular location is useful because it can be used as comparison for the areas with a higher frequency of resistance and it provides the opportunity to track over time to observe whether levels increase in subsequent year. A detected increase can lead to investigation of the cause. One long-term goal of this project is to investigate whether there is a link between environmental resistance hotspots and outbreaks of clinically-reported resistant infections.  
[bookmark: _Toc30710162]Colony Count and Percent Resistance Data Entry
The student-generated data are likely to contain errors in methods, calculation errors, data entry errors, etc. Various steps in the protocols and data entry process have been designed to allow identification of errors so that these data can be corrected before entry or eliminated after entry into the PARE Global Database. Note that for tetracycline resistance levels to be displayed in the interactive map, data from both plate sets must be within 50% difference. Percent difference is calculated by taking the absolute value of the difference, divided by the average of the two values (multiplied by 100). 

The PARE Global Database does not allow entry of exponential numbers;
For example, 1.05 x 106 should be entered as 1,050,000. Be sure students check their zeros!!

The general workflow for data reporting is as follows (and is outlined in a PowerPoint slide deck available on the PARE website):

1. Students record data on their Soil Collection Data Sheets and record colony counts and calculations on their Calculations Worksheets
Calculations Worksheet
Soil Collection Data Sheet
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2. Teams enter data into the web-based Error-Checking Spreadsheet from the Calculations Worksheet. The purpose is for both students and instructor to compare data entries and to spot (and correct) potential counting or calculation errors. Students should revise data in their Calculations Worksheets if necessary. See below for additional details. Error-Checking Spreadsheet (download)




Team-based entry
In both the web-based Error-Checking Spreadsheet and in the PARE Global Database, students will enter once per team (agreed-upon values for both plate set 1 and plate set 2).
The Error-Checking Spreadsheet contains an example team entry in the first column.

Verify CFU calculations. In the Error-Checking Spreadsheet, rows marked “(computer)” have embedded formulas to calculate CFUs, and percent resistant automatically, based on the raw data entered. The formula has not been extended to the student fields because instructors will likely want students to do their own calculations first. Once students have entered their calculated values, instructors can fill in the row of computer-generated values by clicking on the field with the sample value and then hovering/moving the cursor to the lower right hand corner of that box until you see a cross-hatch appear. Click and drag horizontally right and each field will be populated with CFU calculations based on the student-entered raw values for the column (Alternatively you can just copy this cell in the example column and paste into as many additional columns as needed). Students can then see how their calculations compare to those of the computer. 

Note that the Error-Checking Spreadsheet is programmed to convert percent for the corresponding rows. Instructors can change student values to scientific notation or to regular numbers on the classroom copy by clicking on the field or row of interest and then clicking Format—>number—>scientific (for example).

Classroom Discussion. After all teams have entered their data into the Error-Checking Spreadsheet, a class discussion should take place to evaluate and correct the data prior to Global Database entry. 

Questions for students:
1. How does the PS1 data compare to PS2 for a soil sample? Is it relatively close? If not, what might explain the difference?
· Are there about 10-fold fewer colonies on each subsequent dilution plate? If not, perhaps the dilution wasn’t performed correctly. 
· Do the numbers on PS1 differ significantly from those on PS2? If so: 
· Were the tubes vortexed or mixed thoroughly just prior to plating? If not, that could explain the difference. 
· Could there be a problem with the colony counts? Perhaps a third student should count the plates in question and/or the original counters should re-count. 
· Have different dilution factors been accounted for? The most countable plates for each plate set might be on plates with different dilution factors. 

2. Were CFU calculations performed correctly? Compare to those generated by the computer. If there is a difference, what might explain that difference? 
· Was the correct dilution factor used? 
· If you counted from the 1/100 plate, you need to multiply x100. 
· Did you multiply to account for the volume plated?
· Plating 0.2ml means you have to multiply by 5 (0.2ml x 5 = 1ml)
· Plating 0.5ml means you have to multiply by 2 (0.5ml x 2 = 1ml). 
(final units are CFUs per gram of soil; one gram is the same as one ml)
· Was appropriate numeric representation used?
· 105 = 100,000
· 3.25 x 103 = 3,250

3. How does percent resistance data compare to that for other team samples?
If it differs significantly, can the difference be explained? Differences may be due to error (see #1 and 2 above). If after performing the checks above your data still differ substantially from the rest of the class, you may have what in statistics is called an “outlier”. Outliers are observation points that are distant from other observations or data points. They may be due to error or due to normal variability among possible measurements. It will be interesting to see how your observation for a single sample compares to all of the data in the database for multiple samples across many geographic locations. You may find that it no longer looks like an outlier, but is a true representation of what is happening in the environment. Did you predict this level of resistance based on your sampling location?

3. Teams work together to enter Colony Count and Percent Resistance data into the PARE Global Database. 
· Go to the PARE website and click on the “Data Entry” tab. 
· This will take you to a password protected page. The password is found in the instructor Welcome Letter and at the beginning of this manual. 
· Within the Data Entry tab are links for various data entry surveys. Click on the link for “Colony Count and Percent Resistance”. 
· [image: ]Teams will record information from their Soil Collection Data Sheets and their revised Calculations Worksheet. Only one entry per team (consensus data for each plate set of the soil sample). 
· Entry takes about 20 minutes or less, assuming the Calculations Worksheets are revised and ready. 
· To edit entries after submitting, students will need to re-enter the entire dataset with the corrected value. The system will override old entries with newer ones. 
[bookmark: _Toc30710163]Student Reflection and Presentation 
Students have a better understanding and contextualization of this project if time is spent reflecting on the data collected by either the class or all PARE participants. 
Below are some suggestions for data analysis and reflection activities:

· Hold an informal discussion regarding class results. Ask each team to record their percent tetracycline-resistant colonies and collection site on the board. Students can visually scan the table for trends (e.g. do the sites with highest frequencies of resistance have anything in common?). 
· Practice with Excel. Students can practice hiding columns and organizing data in the class dataset or in a spreadsheet downloaded from the PARE Global Dataset. They can experiment with different data presentation styles in Excel (creating tables, graphs and charts). This also provides opportunities for students to experience the “messiness” of real data. 
· Data presentation. Ask students to decide the best way to display the results of the entire class. What data would be omitted, what would they include, how would they represent these data? Would they use a table or a graph? What type of graph? And so on. 
Consider the following suggestions:
· Compare the number of students who had at least one or more tetracycline resistant colony to those who had none.
· Compare the data according to a geographic descriptive such as samples collected from urban vs. rural settings. And consider whether you want to compare to one or both concentrations of tetracycline. The following must also be considered:
· Will you report average number TetR colonies or average percent?
· Will you report average number of total CFU in urban vs. rural?
· Will you report number of urban samples with one or more TetR colony vs. number of rural with one or more TetR colony?
· Calculate the average percent TetR at each concentration for the entire class. Is this number meaningful?
· Share your results with the PARE community. Encourage students or classes to email us with a PowerPoint slide, pdf, or Word document with any PARE-related data presented at a meeting or campus poster symposium. We have a list of PARE-related publications on our website. 
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[bookmark: _Toc30710164]II. Student Materials
Prevalence of Antibiotic Resistance in the Environment (PARE) Project
[bookmark: _Toc30710165]Introduction
Assessing the Prevalence of Antibiotic-Resistant Bacteria Throughout the Environment

[image: ]We are currently experiencing a global health crisis because a growing number of infections that are not cured with traditional antibiotics. These infections are caused by organisms that are resistance to the effects of that (and often other) antibiotics. The Centers for Disease Control reports that at least 2 million people in the US become infected each year with bacteria that are resistant to antibiotics, resulting in at least 23,000 deaths. We know that soon after a new class of antibiotic is commercially available, resistant infections are reported, rendering the drug ineffective against treatment of those infections. 

Why is antibiotic use linked to resistance? 
Exposure to the antibiotic kills sensitive bacteria but selects for growth of those few organisms that may be resistant. Resistance is a trait that is caused by heritable changes in the DNA. We know that resistance spreads not only through rapid division of resistant cells (vertical transmission), but also through the horizontal gene transfer mechanisms that are unique to bacteria. Genes encode products that confer resistance such as enzymes that inactivate antibiotics or pumps that transport the antibiotics out of the cell, lowering the effective concentration inside the bacterial cell. These chunks of DNA can be transferred through conjugation, transduction or transformation (three types of horizontal transfer) to other bacteria of the same or different species. To make matters worse, several antibiotic resistance genes often cluster together such that resistance to multiple antibiotics is acquired through a horizontal transfer event. 

The presence of antibiotics will kill bacteria that do not harbor resistance genes or mechanisms; however, it selects for survival of those that do. Therefore, any environment with high levels of antibiotics is likely to harbor high levels of antibiotic-resistant bacteria. 

Why study soil? 
How can something like soil be interesting and relevant to antibiotic-resistant infections in humans? Individuals generally do not become infected through handling of environmental soil, but soils exposed to high levels of antibiotics tend to harbor high levels of antibiotic-resistant microbes. When antibiotics are used in the home, hospital or farm, the surrounding environment is likely to become exposed due to antibiotics excreted in feces, discarding of unused prescriptions, agricultural run-off, and spread through waterways. These antibiotic pollutants, in turn, can select for growth of resistant microbes in the affected area. Studies have indicated that people who work or live close to those soils are likely to harbor relatively high levels of resistant microbes on their skin or in their intestinal tracts as part of the population of normal microbes associated with our bodies, yet clinical outbreaks have not been definitively linked to these sites. 

In order to determine if the presence of antibiotic-resistant microbes in the environment is linked to resistant infections, detailed surveillance across a broad geographic range is necessary. This requires reporting at many different sites where all values are determined using the same methodology. You have been invited to participate with other students around the country to coordinate efforts using a crowd-sourcing approach to track environmental antibiotic-resistance in a way that cannot be accomplished by a single research group. 
[bookmark: _Toc30710166]Experimental ProcedureInsert soil data into PARE Global Database

[bookmark: _Toc30710167] Overview
1. Collect soil sample and fill out Soil Collection Data Sheet 
2. At the collection site, enter the soil site collection data into the PARE Global Database using the password protected Data Entry tab on the PARE website. 
3. Subject soil samples to serial dilution. 
4. Transfer diluted soil samples to Petri plates containing bacterial growth medium with or without tetracycline. Make at least 2 sets of plates per soil sample.
5.Count and record the number of bacterial colonies observed per plate. 
6. Estimate the number of cells present in your 1g of soil sample by calculating colony-forming units.
7. Calculate the frequency of tetracycline-resistance in your soil sample using the Calculations Worksheet. 
8. Use an Error-Checking Spreadsheet to compare and correct data and calculations.  
9. Record colony counts and calculations into PARE Global Database.
10. Analyze data for your class, present data in graphs and/or tables. 
[bookmark: _Toc30710168]A Note About Safety
You will be culturing unknown bacterial species from the environment. This means that a single cell present in the soil may multiply to create a visible colony of millions of identical cells on your Petri plates. There is a possibility that some of the colonies may be organisms that cause infections in humans (pathogens). In addition, you will be selecting for growth of organisms that are resistant to the antibiotic tetracycline on some of your plates. This means that if you do not use extreme caution in handling your plates, you could end up exposing yourself or others to an organism that causes disease and is resistant to treatment with antibiotics! Be sure to keep notebooks, pencils, cell phones, computers, coats, etc. in a location separate from your laboratory work area, keep hair tied back, and wear appropriate clothing (such as long pants and closed-toe shoes) as instructed by your teacher. Wear all protective equipment required by your school/instructor (for example, laboratory coats, gloves, eye protection). Remove protective clothing and wash hands and the work area prior to retrieving your personal items. The American Society for Microbiology Guidelines for Biosafety in Teaching Laboratories can be found here:
https://www.asm.org/index.php/educators/laboratory-safety-guidelines
[bookmark: _Toc30710169]1. Soil Sample and Data Collection
Our goal is to determine the percent tetracycline-resistant (TetR) bacterial cells in each soil sample. A team of four students will collect a soil sample. Each class or collection team will discuss an interesting site for sample collection. Is the site in an urban area, rural, near a factory, or near a waterway? Or would your class like to track changes at the same location over time (each team collects samples from the same general location each year)? Very few studies have been done to monitor the total number of antibiotic-resistant bacteria in soil and those that have been done have demonstrated vastly different frequencies (zero detectable resistant colonies at some sites and up to 80% of total colonies resistant at other sites). Any information obtained will be valuable to help understand the dynamics of antibiotic-resistance. 

Materials needed
· One sterile, plastic, sealable tube or bag for each soil collection sample
· A smart phone or device to obtain GPS location information and enter soil collection data into the PARE Global Database. 
· Pen, pencil or marker to label collection tube and to fill out Soil Collection Data Sheet
· Soil Collection Data Sheet (1 per student)

Method
1. Each collection team will collect a soil sample from their chosen collection site. All data pertaining to your soil sample will later be linked to your team name in the database, so think of a short team name (e.g. “rockets” or “madsci”) and record your team name on your Soil Collection Data Sheet. 

2. Review the Soil Collection Data Sheet at the end of this document (or provided by your instructor) prior to sample collection so that you will know what characteristics must be recorded. Obtain permission for collection from private property. 

3. Use a stick or rock at the sample site location (or the plastic collection tube itself, if using one) to loosen a sample of soil about the size of an ice cream scoop and transfer it into the collection vessel (tube or bag) without touching the soil (to avoid contaminating with bacteria on your hands).

4. Using a smartphone, go to the PARE website and click on the Data Upload tab. This will take you to a page with the interactive map. Click on the Soil Data link and enter the required data.  Be sure to note your Sample ID exactly as entered. You will need this again. 

6. Label the outside of the tube or bag with your team name, Sample ID and collection date. 

7. Bring your sample to lab/class. 
[bookmark: _Toc30710170]2. Soil Sample Serial Dilution
Each team should have 1 soil sample, which will be subjected to one complete round of serial dilution. Each serial dilution will be plated twice (Plate set P1 and Plate set P2) as described in detail in the next section (Section 3). 

Your team will collectively perform at least two repeat experiments (technical replicates) to assess the percent tetracycline-resistant bacterial cells for your soil sample. To do this, we need to know the total number of cells present and, of those, how many are resistant to tetracycline. One standard method used for estimating the number of microbes in soil is to assess the number of colony forming units (CFUs) per gram of soil. Cell numbers are estimated by spreading a known volume of diluted cells onto plates containing nutrients for growth. When individual bacterial cells land on the growth medium, the cells undergo divisions to produce a colony visible by the naked eye. Counting the number of colonies that grow provides an estimate of the number of cells plated. The values obtained are estimates because cells that were dead or that could not grow under our particular growth conditions (e.g. nutrients, temperature, etc.) will not be detected. For this reason, microbiologists refer to “colony forming units” (CFUs) when estimating cell numbers using this method. 

If there are a high number of cells on the plate or if they are clumped together, it becomes impossible to make accurate colony counts. The plate on the left is an example of too many colonies for accurate counting. Mixing the soil in water separates the cells and allows us to perform incremental dilutions. Because there is a high, but unknown concentration of microbes in each soil sample, plating several different dilutions results in at least one plate with colonies separated enough for accurate counting, such as the plate on the right. This process is called serial dilution. An example of a complete, plated serial dilution is shown below. 
[image: ] 





Method
1. For the soil dilution, label a set of sterile tubes as follows:
1/101	1/102	1/103	1/104	1/105
	
Scientific notation conversion table

Scientific notation          Standard numbers

	101
	10

	102
	100

	103
	1,000

	104
	10,000

	105
	100,000

	106
	1,000,000


Instructor Note: Include a 1/106 dilution if using Nutrient Broth Agar instead of MacConkey. 

2. Use a sterile pipet to transfer exactly 9ml sterile water into each of the tubes. Measure 1g soil, preferably without rocks or any large debris. If a spatula is used to scoop soil, it should be cleaned with ethanol prior to each use. 

3. Add the 1g of soil to the 9ml sterile water in the 1/101 dilution tube and seal the cap. This is the 1/101 dilution. The dilution factor is 10. Vortex at highest speed for 1 minute. 1g of soil is approximately the same of 1ml of volume so when you add the 1g soil to the 9ml water, you have diluted 10-fold, or by a factor of 10. 

4. Pipet up and down several times to mix well (or vortex if possible). Without setting the pipet down, transfer 1ml of the 1/101 dilution to the next tube to create the 1/102 dilution. Pipet up and down several times (or cap and vortex/shake) to mix well and, without setting the pipet down, transfer 1ml of this dilution to the next tube to create the 1/103 dilution. Mix well and repeat for all of the dilutions using the same pipet. If you set the pipet down, it is no longer sterile and should be replaced for a fresh one. If tubes have caps, you can shake the tubes vigorously after each transfer to ensure adequate mixing, but you must keep the pipet sterile while doing this.
[bookmark: _Toc30710171]3. Plate Dilutions onto Growth Medium With and Without Antibiotic
Assign members of your team to each plating set. For example, a team of four would be assigned as follows:
1. Plating set #1 (P1)—two team members
2. Plating set #2 (P2)—the other two team members

Making at least 2 sets of plates (plate set P1 and P2) from the same soil sample and serial dilution is called a technical replicate. Measuring the number of CFUs from a soil sample at least twice helps makes sure that the data you generate is accurate and helps to identify possible mistakes.  If the two colony count results are not similar, we can assume that an error took place at some stage in the methods. In the course of a research project, one would repeat with a third plate set to help to determine which results are accurate, but this may not be possible in your classroom. 

Note: 
On NA (no antibiotic) plates, you will plate the 1/10-1/105 dilutions
On the tetracycline plates, you will plate only the 1/10 – 1/103 dilutions

Instructor Note: If using Nutrient Broth Agar: for “No Antibiotic”, plate the 1/102-1/106 dilutions

1. Each plate set contains a total of 11 plates:
· 5 NA (no antibiotic plates)
· 3 Tet3 plates (3 μg/ml tetracycline)
· 3 Tet30 plates (30 μg/ml tetracycline)
Each plate also has an antifungal added to prevent fuzzy, fungal growth that makes bacterial colony counting difficult. 

[image: ]Label the plates as follows:
NA: 
Team name, the plate type (NA), the plate set code (P1 or P2) and the dilution for dilutions 1/10 through 1/105. .Label along the edge of the plate as shown.

Tet3 and Tet30:
Team name, the plate type (Tet3 or Tet30), plate set code (P1 or P2) and the dilution (1/10 through 1/103). 

Always mix the dilution tubes immediately prior to plating. 

2. Mix the 1/105 soil dilution and use a sterile pipet to transfer 0.2 ml from the 1/105 dilution onto the 1/105 NA plate. Spread the liquid around evenly on the plate using a sterile spreader or sterile glass beads. Work in pairs with one person spreading immediately after the other pipets so that the liquid on the plate gets spread before it absorbs into a small spot on the plate.

3. Repeat for the 1/104 dilution. Take care not to touch or contaminate the sterile items prior to use. Since you started with the most dilute sample, you can use the same pipet unless it has became contaminated by touching a non-sterile surface.

4. The 1/103 and 1/102 dilutions will be plated onto all three plate types. Mix the 1/103 dilution tube well, then pipet 0.2ml onto the 1/103  NA plate, then another 0.2ml onto the 1/103 Tet3 plate, and another onto the 1/103  Tet30 plate. Repeat for the 1/102 dilution.

5. The 1/101 dilution gets plated only onto the Tet3 and Tet30 plates. 

6. Wrap all plates with Parafilm and incubate lid side down (agar side top) at 28°C for 72 hours (3 days). Incubating lid side down will prevent condensation from forming on your agar surface. 

7. Remove plates and record the incubation temperature and the duration of incubation. This information is required for the database. 
[bookmark: _Toc30710172]4. Count and Record the Number of Colonies Per Plate
Since the number of cells in each soil sample differs, serial dilution should provide at least one plate with between 30-300 colonies. This is a number that can be accurately counted and can be considered free of error. Soil contains an enormous diversity of species resulting in many different colony morphologies (shapes). Determining the total number of colonies per plate can be challenging—even the tiniest colonies should be counted. Other colonies will be visible “under” larger colonies. Since each colony is derived from a cell that landed on the plate, each (regardless of size) must be counted to the best of your ability. The challenge of determining an accurate count is one reason that each sample was plated at least twice. Each plate set of your soil sample should be counted by all team members—the first team pair will count their plate set and then swap and count the other pair’s plate set. The second team pair will do the same. Data will be entered in the Calculations Worksheet at the end of this document. 

Method of counting
Keep the plates wrapped with Parafilm at all times, including counting, to avoid personal exposure to the microbes. 
1. Arrange plates from each plate set as shown in the figure below. 
[image: ]
 
2. Scan the plates in each row to assess whether there are any obvious errors in the dilution or plating technique—each plate should have about 10-fold fewer colonies than the plate to its immediate left. For each different growth medium (row), determine the most “countable” plates (plates with 30-300 colonies). 
Plate on the left may be the ideal dilution for counting but is overgrown (OG) with microbes that branch out and spread as they divide (perhaps a fungus) rather than in a forming a compact colony. The dilution plated onto the middle plate is not dilute enough (TM). Growth on the right plate is “just right” for counting. 
TM
OG
Countable

 3. Each team pair should count the colonies on the most countable plates for their plate set and record the values in the appropriate section of Table 1 in the Calculations Worksheet. Ideally, you will have one countable plate for all three plate types (NA, Tet3 and Tet30). Indicate “TM” for plates that have too much growth to count, “TF” for plates with too few and “OG” for plates that could not be counted due to microbial overgrowth that obscures individual colonies such as a large slimy growth or a fuzzy, fungal growth on the plate. See the examples in the figure above. As each colony is counted, it is helpful to mark it with a dot using a marker that can be removed with ethanol. This helps to avoid duplicate counting the same colony. Using a marker that can be removed with ethanol will make recounting easier (wipe the dots off before the second team pair counts—but don’t remove the labeling information!). 

4. After the team pair agrees on the colony counts for each row of their plate set, swap plates with the other pair in your team and count the colonies on their plate set. Before performing calculations (below), you will need to ensure that all team members agree on the colony counts entered in Table 1 for both plate sets. Your instructor may have you enter these agreed-upon values into an Error-Checking Spreadsheet so you can compare your results to those from different soil samples. After team members are in agreement about plate set 1 and 2 counts, you are ready to perform calculations. 
[bookmark: _Toc30710173]5. Calculate the Number of Colony Forming Units Per Gram of Soil
Each student of a team pair will perform calculations on their plate set using the colony count data from Table 1 in the Calculations Worksheet. Our goal is to determine what proportion of the total bacterial cells is resistant to tetracycline. We are using CFUs as a measure of total cells present, so determining the ratio of tetracycline-resistant CFUs per gram of soil to the total CFUs per gram soil results in the frequency of tetracycline-resistant cells per gram soil. Some bacterial cells can grow in the presence of low levels of tetracycline but are inhibited at a higher concentration. In addition, a concentration that inhibits growth of one species may not have any detrimental effect on another. You tested, and will report, the frequency of resistance at two different concentrations of tetracycline (3 μg/ml and 30 μg/ml). 

Materials needed
· Calculator
· Calculations Worksheet

Method

1. Before performing calculations, compare the different counts with your team partners and within the class to ensure that your counts  are error-free. 

2. For each plate set, refer to the number of colonies on the countable NA (no antibiotic) plate (Table 1). Transfer this information to Table 2 of the Calculations Worksheet.

3. In the second row of Table 2, indicate the volume of cells plated onto each countable plate. If you followed the methods in this handout, you plated 0.2ml onto each plate. Enter data for your plate set only in your worksheet. 

4. In the third row of Table 2, write the dilution factor of the NA plate that was counted. For example, the 1/10 dilution was diluted by a factor of 10 (the denominator), so the dilution factor is 10. The 1/102 dilution was diluted by a factor of 100 (102), so the dilution factor is 100 and so on. If the most countable plate for a plate set resulted from the 1/100 dilution, the dilution factor for that plate would be 100. Enter this information in row 3 of Table 2.

5.  Use the formula below to calculate the total number of colonies per gram of soil and enter into the last row of Table 2. After you are finished calculating, you will check your answers with your other teammates and make corrections as necessary. Note, 1g = 1ml. A volume of 0.2 ml was plated, so we need to multiply by 5 (5 x 0.2ml = 1ml) to arrive at the number of cells per ml. The volume plated was also diluted relative to the original soil sample, so we also need to multiply by the dilution factor.
CFUs on plate x 5 x dilution factor



For example, if there are 210 colonies on the 1/103 dilution plate:
210 x 5 x 1000 = 1,050,000 = 1.05 x 106 CFUs per gram soil



Note: The database does not allow entry of exponential numbers;
1.05 x 106 should be entered as 1,050,000 
[bookmark: _Toc30710174]6. Calculate the Frequency of Tetracycline-Resistant Colonies
Materials needed
· Calculator
· Calculations Worksheet 
Method
1. Using the same logic as in Section 5 above, fill in the appropriate values for Table 3 in the Calculations Worksheet. First, transfer values for the Tet3 and Tet30 plates in Table 1 to Row 2 of Table 3. If no colonies appear on any of these plates, we can say that there are no detectable tetracycline-resistant colonies under our testing conditions. Tetracycline-resistant bacteria may be present, but perhaps we didn’t plate enough cells to detect them (they are present at a relatively low frequency) or they were unable to grow under our chosen growth conditions (perhaps a critical nutrient was missing).

For each concentration of tetracycline, fill in rows 3-4 of Table 3 and then calculate the TetR CFUs per gram of soil:
colonies on plate x 5 x dilution factor


 

For example, if there are 160 colonies on the 1:102 dilution of the Tet3 plate (3 μg/ml tetracycline), that equates to 8 x 104 TetR cells per gram of soil. 
= 160 x 5 x 100 = 80,000 = 8.0 x 104 TetR cells/gram soil



In Table 3, row 5, record the total tetracycline-resistant CFUs per gram soil for each concentration of tetracycline for your plate set. 

2. Calculate the relative frequency (percent) of resistant cells as a function of the total number of CFUs/gram soil calculated in Section 5: 

Divide the total number of tetR CFUs per gram of soil (Table 3, Row 5) by the total CFUs per gram of soil on the non-antibiotic plate (Table 2, Row 4) to arrive at the frequency of TetR colonies for each concentration of tetracycline. Multiplying by 100 results in the percent resistant cells. For example:
= 7.6 x 10-2 
8 x 104 tetR colonies
1.05 x 106 cells per gram of soil



(7.6 x 10-2) x 100 = 7.6%



3. Record percent values in Row 6 of Table 3 for your plate set. 

Once finished, compare your results with other team members. Re-count and re-calculate if necessary. 

Should the data be identical for Plate Set 1 and Plate Set 2? Should it be relatively close? 


4. Compare your results to those of your classmates. Your teacher may provide an Error-Checking Spreadsheet that will allow you to enter and see everyone’s results at on the same spreadsheet. If your team’s results are wildly different than others in the class, you’ll need to discuss whether this could be a true deviation from the norm or if you've made an error. All of these steps are to ensure that accurate data get posted into the PARE Global Database. 
[bookmark: _Toc30710175]7. Colony Count and Percent Resistance Data Entry
For this project to be of value to other students and to the scientific community, each team must accurately record their colony count and percent resistance results into the database. One entry per team!
The collective sum of results provides a rich overview of antibiotic resistance prevalence and provides an opportunity to perform regional comparisons. All database information is available to other PARE researchers for analysis, so please use care to ensure that all calculations are correct and that data are entered correctly. 

Materials needed
· PARE Calculations Worksheet 
· Sample ID
· Access to the Error-Checking Spreadsheet
· Web access to the Colony Count and Percent Resistance data entry form (password protected Data Upload tab on the PARE website). 

The Data-Entry Process occurs in three steps, all designed to improve accuracy of the data entered into the PARE Global Database:
1. Team-based calculations and agreement of values for tables in the Calculations Worksheet. 
2. Comparison of team results with other teams in the classroom. Any calculation or counting errors are corrected. 
3. Entry into the PARE Global Database. 

Method
1. Verify that all team members agree on values for plate set 1 and plate set 2 on your Calculations Worksheets. 
2. Your instructor will provide access to an Error-Checking Spreadsheet in which you will enter your team data.
3. Enter your team name at the top of a column (be sure only one team per column, one entry per team). 
4. Transfer values from your Calculations Worksheet into the appropriate rows in your team’s column. You can use regular notation or scientific notation. For example, 4.35E+06 is another way of communicating 4,350,000. Leave the rows marked “computer” blank. A formula will be embedded that can reveal whether you have calculated correctly based on your raw data input (dilution plate counted and number of colonies). 
5. Once all teams have input their data, compare your results to theirs and check your calculated values against the computer. You may detect obvious errors (e.g. calculation errors or tetracycline-resistance levels greater than 100%). These should be corrected. You may also wonder whether some values resulted from error or if they are “outliers”. What is the normal level of variance you might expect among samples? If one sample harbors tetracycline-resistant microbes at levels significantly higher than other samples, how might you assess whether this is the true level of resistance or an error? Is a high level of resistance expected for that location? Were all class samples collected from the same area? Distinguishing errors and outliers from true differences is a key part of the scientific process! 
6. After a discussion of classroom results and correction of identified errors, you are ready to upload team data into the PARE Global Database. Serial dilutions and plating is a difficult task even for experienced scientists so it is likely that several groups may have questionable data due to plating or dilution errors that can’t be corrected. This is normal and a large reason why scientist repeat their experiments several times. Just fill in the parts of the database that you can. 

Questions to consider:

1). How does the PS1 data compare to PS2 for a soil sample? Is it relatively close? If not, what might explain the difference?
· Are there about 10-fold fewer colonies on each subsequent dilution plate? If not, perhaps the dilution wasn’t performed correctly. 
· Do the numbers on PS1 differ significantly from those on PS2? If so: 
· Were the tubes vortexed or mixed thoroughly just prior to plating? If not, that could explain the difference. 
· Could there be a problem with the colony counts? Perhaps a third student should count the plates in question and/or the original counters should re-count. 
· Have different dilution factors been accounted for? The most countable plates for each plate set might be on plates with different dilution factors. 

2). Were CFU calculations performed correctly? Compare to those generated by the computer. If there is a difference, what might explain that difference? 
· Was the correct dilution factor used? 
· If you counted from the 1/100 plate, you need to multiply x100. 
· Did you multiply to account for the volume plated?
· Plating 0.2ml means you have to multiply by 5 (0.2ml x 5 = 1ml)
· Plating 0.5ml means you have to multiply by 2 (0.5ml x 2 = 1ml). 
(final units are CFUs per gram of soil; one gram is the same as one ml)
· Was appropriate numeric representation used?
· 105 = 100,000
· 3.25 x 103 = 3,250

3). How does percent resistance data compare to that for other team samples?
If it differs significantly, can the difference be explained? Differences may be due to error (see #1 and 2 above). If after performing the checks above, your data still differ substantially from the rest of the class, you may have what, in statistics, is called an “outlier”. Outliers are observation points that are distant from other observations or data points. They may be due to error or due to normal variability among possible measurements. It will be interesting to see how your observation for a single sample compares to all of the data in the database for multiple samples across many geographic locations. You may find that it no longer looks like an outlier, but is a true representation of what is happening in the environment. Did you predict this level of resistance based on your sampling location?


7. You can access the password-protected colony count Data Upload tab from the PARE website. This will take you to a page with the interactive map; click the link for Colony Count and Percent Resistance Data. Make only one entry per team using the exact Sample ID you used for your soil entry data. The form will ask you to provide data for both plate set 1 and 2. Working as a group to fill out the form will help you catch errors and typos. Pay attention to spelling on text entries and the number of zeros on numeric entries. Enter your instructor’s last name only and be sure to spell it correctly. 
[bookmark: _Toc30710176]8. Presentation and Analysis of Data
Your instructor will provide either an Excel spreadsheet of class responses or access to the entire database. Your instructor will provide guidelines on data analysis or presentation requirements.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Soil Collection Data Sheet

Your name_____________________________


Name of collection team (no more than 8 letters) ________________________


Course instructor (last name only)__________________________


Sample ID____________________

Note: Sample ID is Case Sensitive and must be repeated on Colony Count data entry form. Use the format: First four letters of instructor last name; Last two numerals of soil collection year, Team Name (first 6 letters). Numbers and Letters only. Example: For soil collected in Dr. Smith's course in 2019 by team Rockets: ID=Smit19Rocket


Date of soil collection (MM/DD/YYYY) _____________________


Is there anything unique about your soil collection site? For example, was it collected on a farm? Do you expect antibiotic resistance levels to be high? 

PARE SOIL COLLECTION DATA SHEET

PARE UNDERGRADUATE DATA WORKSHEET

Your name_____________________________				Date_______________

Name of collection team (no more than 8 letters) ________________________

Instructor Last Name___________________

Sample ID____________________
*Case Sensitive. Use the format: First four letters of instructor last name; Last two numerals of soil collection year, Team Name (first 6 letters). Numbers and Letters only. Example: For soil collected in Dr. Smith's course in 2019 by team Rockets: ID=Smit19Rocket

Days elapsed from collection to plating _________________

Culture medium_____________________    (e.g. MacConkey Agar, Nutrient broth agar, R2A)

Incubation temp. (°C)_______

Number of hours incubated: 72 hours (preferred)___, 48 hours ___, 96 hours____, other: ____


Table 1. Number of colonies per plate. 
Enter the number of colonies on the “most countable” plates for each plate type (NA, Tet3, and Tet30). For plates with too many to count (>300 colonies), enter “TM”. For plates with too few to count (<30 colonies), enter “TF”. For plates with fungal growth or branching/swirling colonies, write “OG”. 

Check which Plate Set is yours

Plate set 1

Plate Set 2


	Row
	
	1/10

	1/102
(1/100)
	1/103
(1/1,000)
	1/104
(1/10,000)
	1/105
(1/100,000)

	1
	No antibiotic
(NA)
	
	
	
	
	

	2
	3ug/ml tetracycline (Tet3)
	
	
	
	
	

	3
	30ug/ml tetracycline (Tet30)
	
	
	
	
	




Do not proceed to calculations until all members of your team are in agreement about plate set 1 and plate set 2 counts. 







Table 2. CFUs per gram soil.
Use data from the NA (no antibiotic) plates for this table
	Row
	
	Your Plate Set (1 or 2)
	



	1
	Number colonies on the “countable” NA plate 
	
	

	2
	Volume plated
	
	

	3
	Dilution factor
	
	

	4
	Total CFU per gram soil
	
	





Table 3. Percent tetracycline-resistant cells. 
	Row
	
	Your Plate Set (1 or 2)
	

	1
	Tetracycline Concentration
	3 μg/ml
	30 μg/ml
	

	2
	Number of colonies on the “countable” plate
	
	
	

	3
	Volume plated
	
	
	

	4
	Dilution factor
	
	
	

	5
	Total tetR CFUs per gram soil
	
	
	

	6
	Percent tetR CFUs
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[bookmark: _Toc30710178]IV. Web Links
PARE website:
https://sites.tufts.edu/ctse/pare


PARE Interactive map
https://tuftsgis.maps.arcgis.com/apps/webappviewer/index.html?id=b4c95eaf4a184129870cc336e677da44

Serial Dilution Video (courtesy of Small World Initiative)
https://youtu.be/nlQZ3iz4m8U

Colony Counting Video (courtesy of Small World Initiative)
https://youtu.be/nKFzlAuEyII

PARE-Undergraduate Research Student Self-Assessment (URSSA)
This is a post-participation student self-report survey.
https://survey.az1.qualtrics.com/jfe/form/SV_3vLHuSunXmMOaH3
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PARE SOIL COLLECTION DATA SHEET
Soil Collection Data Sheet
Your name
Name of collection team (no more than 8 letters)
Course instructor (last name gabv—

‘Sample ID.
Note: Sample ID is Case Sensitive and must be repeated on Colony Count data entry
form. Use the format: First four letters of instructor last name; Last two numerals of soil

collection year, Team Name (first 6 letters). Numbers and Letters only. Example: For soil
collected in Dr. Smith's course in 2019 by team Rockets: ID=Smit19Rocket

Date of soil colection (MM/DDIYYYY)

Is there anything unique about your soll collection site? For example, was it collected on a farm?
Do you expect antbiotic resistance levels o be high?

32




image5.tiff
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Your name. Date
Name of collection team (no more than 8 letters)
Instructor Last Name,

‘Sample 1D,

“Case Sensitive. Use the format: First four letters of instructor last
name; Last two numerals of soil collection year, Team Name (first 6

letters). Numbers and Letters only. Example: For soil collected in Dr.

Smith's course in 2019 by team Rockets: ID=Smit19Rocket
Days elapsed from collection to plating
Culture medium (e.9. MacConkey Agar, Nutrient broth agar, R2A)

Incubation temp. (°C).

Number of hours incubated: 72 hours (preferred)__, 48 hours__, 96 hours__, other:

Table 1a. Number of colonies per plate.

Enter the number of colonies on the ‘most countable" plates for each plate type (NA, Tet3, and
Tet30). For plates with too many to count (>300 colonies), enter “TM'". For plates with (oo fow to
count (<30 colones), enter “TF". For plates with fungal growth or branching/swirling colonies,
write “0G".

Check which Plate Setis yours

Plate set 1 []
Plate Set2 [
‘Table 1. Number of colonies per plate.
Row T I O I S
(r100) | (1/1,000) | (1110,000)| (1/100.000)
T No antibiotc
NA)
7| Bugl
tetracyciine
(Tet3)
3| 30ugim
tetracyciine
(Tet30)

Do not proceed to calculations untilall members of your team are in agreement abou plate set 1
and plate set 2 counts.

Table 2. CFUs per gram sol
Use data from the NA (no antibiotc) plates for this table
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NA: dilution factor of countable plate 1.00E+04
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CFU Tet3R (student)
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NA: dilution factor of countable plate 1.00E+04
NA: # of colonies on countable plate 92

CFU/gram soil (student)
CFU/agram soil (computer) 4.60E+06
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Welcome, student scientists! Thank you for participating in the
Prevalence of Antibiotic Resistance in the Environment (PARE) project.
The data you've collected will help us understand and combat the
spread of antibiotic resistance in our environment. Because the data you
enter here will be used in a real scientific study, please ensure that all
information is accurate and complete to the best of your ability. Please
make only one entry per soil sample. Work with your team members to
reach answers that you all agree with.

~ Sample Identification @

Before we can link this data to your existing soil site data, you need to
provide the following information exactly as you did before.

What is the name of your school?*

(The school where you are participating in PARE). If you don't see the name in the list, choose
“other”.

If your school is not in the drop-down menu, write it in the space below.

What is the last name of your lab instructor?*

Be sure to spell it correctly. No spaces. Last name only; no title (Dr., Mrs, Ms., Mr. etc.).
If you are just testing the data entry process and not entering real data, please enter "test"

What is your team name?*
Exactly as entered for soil data information.
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