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● Introduction to a remote- and socially-distanced-friendly 

Fast Plants investigation for teaching natural selection 

concepts.

● Debut of the new Wisconsin Fast Plants® Polycot seed 

stock that simplifies selection investigations.

● Data scientist-facilitated experience with analyzing data 

from Fast Plants selection experiments.

● A complete set of instructional and support materials for 

our featured selection investigation.

What we plan for you to take away from 
this webinar includes the following:



Carolina Biological: Julie Stubbs, Product Manager for Zoology, 

Botany, and Microbiology

Centennial High School, Roswell, Georgia:

Bob Kuhn, Teacher of Honors and AP Biology; DNA Club 

sponsor

Department of Plant Pathology & Wisconsin Institute for Discovery,

University of Wisconsin-Madison:

Claudia Solis-Lemus, Assistant Professor and Data scientist

Wisconsin Fast Plants Program, University of Wisconsin-Madison:

Hedi Baxter Lauffer, Director of Teaching and Learning

Brief intro to the webinar facilitators



Housekeeping

● To ask questions, type 

them in the questions 

section of the control bar.

● At the end of the webinar 

there will be some 

handouts to download.

● An follow up email will be 

sent next week with links 

and the webinar recording.



Cause & effect responses over time to 
human and environmental pressures



You may be familiar with 
“selecting for hairs”

1. Grow a classroom 

population of Fast Plants 

and observe variation.

2. Count the # or hairs on the 1st true leaf of each 

plant, and prepare to implement a selection 

experiment designed to cause the offspring 

generation to have more hairs on average. 

3. Select the top 10% hairiest plants, and cross-

pollinate them. Then, observe as seeds develop 

and mature over the next ~21 days.

Artificial selection 

to try increase the 

number of hairs on 

the first true leaf
4. Harvest the mature seeds, and 

plant them (offspring 

generation). In ~10 days, count 

the number of hairs on the 1st 

true leaf of each offspring plant.

5. Analyze data gathered to 

compare the means for hairs 

in parent and offspring 

generations. Develop 

evidence-based explanations 

for the effects of selection.  



Why Polycots?

Wisconsin Fast Plants are used as a model organism to investigate 

variation and the effects of selective pressure on a population.

● The new Fast Plants Polycot seed stock shows the easily observed 

and heritable trait of having more than 2 cotyledons.

○ Polycot trait is a non-Mendelian inheritance pattern.

○ Selection for polycots and against dicots does increase 

polycot frequency in the offspring generation… to a point.

○ Seedlings reveal their cotyledons in the first 4-5 days after 

“planting,” so seedlings germinated in a Petri dish can be 

scored as dicots or polycots.

○ We’ve developed techniques to make Generation 1 and 

Generation 2 Polycot seed stocks available, making it possible 

to abbreviate the selection experiment for remote learning 

and/or reduced class time.



In case you’ve forgotten about “cotyledons”

Cotyledons (or seed leaves) develop with the embryo inside the seed. 

Cotyledons emerge during germination and enlarge. They are the

“solar panels” that serve to feed the seedling until “true” leaves emerge.

Cotyledons

First true leaf emerging

approx.
#days

1 2 3

4 5 6 7



● Fast Plants are classified as “dicot” plants; they typically have 2 cotyledons.

● Developing more than 2 cotyledons is a relatively rare trait. 

● Our polycot Fast Plants seed line is selectively bred to have an unusually 

high percentage of polycot individuals.

Cotyledons

Polycots have 3 or more cotyledons



Polycot Fast Plants offer a short life cycle, and
flexible growing options



An investigation with flexible options

1. Students plant 

Generation 1 seeds in 

soil and observe 

variation among 

seedlings

2. Students 

design & 

implement a 

selection 

experiment

3. Students 

harvest, 

germinate, and 

gather data 

from their own 

Generation 2 

seeds

1. Students germinate 

& observe Generation 

1 seedlings in a

Petri dish

2. Students 

design & justify 

their design for 

a selection 

experiment

3. Students 

germinate 

and gather 

data from 

Generation 2 

seedlings in a 

Petri dish

Option A Option B



Designed for flexible 
instructional options

1. Germinate & observe 

Generation 1 polycot 

seedlings in a Petri dish

2. Design & justify an 

experimental design for 

a selection investigation

3. Germinate and gather 

data from Generation 2 

seedlings in a Petri dish

Option B

4. Analyze data 

gathered to 

compare 

Generation 1 & 2 

polycot frequency

5. Communicate 

and justify 

evidence-based 

explanations for 

the effects of 

selection



Students work individually to germinate seeds



We provide seeds and Petri dish; students 
provide energy from light as they are able -
there will be variation in that variable



As their seeds germinate over the course of 
3-5 days, students are engaged to see their 
seedlings emerge.



Students observe variation in a small 
population, actively collecting first hand data.



Designed for flexible 
instructional options

1. Germinate & observe 

Generation 1 polycot 

seedlings in a Petri dish

2. Design & justify an 

experimental design for 

a selection investigation

3. Germinate and gather 

data from Generation 2 

seedlings in a Petri dish

Option B

4. Analyze data 

gathered to 

compare 

Generation 1 & 2 

polycot frequency

5. Communicate 

and justify 

evidence-based 

explanations for 

the effects of 

selection



For this remote-investigation, experimental design is a 
reasoning exercise.

Students design an experiment & explain their rationale 
for it, without engaging in full implementation.



Designed for flexible 
instructional options

1. Germinate & observe 

Generation 1 polycot 

seedlings in a Petri dish

2. Design & justify an 

experimental design for 

a selection investigation

3. Germinate and gather 

data from Generation 2 

seedlings in a Petri dish

Option B

4. Analyze data 

gathered to 

compare 

Generation 1 & 2 

polycot frequency

5. Communicate 

and justify 

evidence-based 

explanations for 

the effects of 

selection



Then, students observe & collect 
Generation 2 data to compare with 

Generation 1 cotyledon data



Designed for flexible 
instructional options

1. Germinate & observe 

Generation 1 polycot 

seedlings in a Petri dish

2. Design & justify an 

experimental design for 

a selection investigation

3. Germinate and gather 

data from Generation 2 

seedlings in a Petri dish

Option B

4. Analyze data 

gathered to 

compare 

Generation 1 & 2 

polycot frequency

5. Communicate 

and justify 

evidence-based 

explanations for 

the effects of 

selection



Students share data to generate a large 
enough sample size for rigorous analysis.

Data scientist, Claudia Solis 

Lemus, now assists us with 

using data to support 

learning about directional 

selection and using 

statistical intuition to 

analyze results from the 

Polycot selection 

experiment.



Directional selection

What is our evidence?

Distance 
between 
means

Generation 1 Generation 2



Directional selection

What is our evidence?

Distance between 
means

Is this enough distance to claim 
directional selection?



Directional selection

What is our evidence?

Distance 
between 
means

t test

Expected distribution of 
differences if there is NO 

directional selection



Directional selection

Expected distribution of 
differences if there is NO 

directional selection

Agrees with statistical null 
hypothesis: no difference in 

means (no directional selection)

t test

What is our evidence?

Distance 
between 
means



Directional selection

Expected distribution of 
differences if there is NO 

directional selection

Expected distribution of 
differences if there is NO 

directional selection

Evidence of directional selection
Agrees with statistical null 

hypothesis: no difference in means 
(no directional selection)

t test

What is our evidence?

Distance 
between 
means



Directional selection
t test

Expected distribution of 
differences if there is NO 

directional selection

Expected distribution of 
differences if there is NO 

directional selection

Evidence of directional selection

Assumptions
• Normality
• Equal variance

Agrees with statistical null 
hypothesis: no difference in means 

(no directional selection)

What is our evidence?

Distance 
between 
means



Our data

Good practices when storing data in spreadsheets:

1. Save file as csv
2. Name file without spaces or special characters
3. Meaningful column names without special characters
4. No empty cells
5. One thing per cell
6. Create a data dictionary
7. No calculations in the raw data files
8. Do not use font/color to highlight data



Data Visualization

Scatterplot



Data Analysis: t test

Assumptions
• Normality
• Equal variance



Data Analysis: chi-square test



Data Analysis: chi-square test

2437

3148

2556 3029 5585

Statistical null hypothesis: No difference in the 
proportion of dicots/polycots in parents and offspring 

populations



Data Analysis: chi-square test

2437

3148

2556 3029 5585

Statistical null hypothesis: No difference in the 
proportion of dicots/polycots in parents and offspring 

populations

1115.3

1440.7

1321.7

1707.3

= 722.1475

pvalue = 4.6e-159
Reject null hypothesis
Evidence of selection



Data analysis on WI Fast Stats 
app

https://wi-fast-stats.shinyapps.io/webinar-aug20/

Acknowledgement
Yizhou Liu 

(CS undergraduate 
student at UW-Madison)

https://wi-fast-stats.shinyapps.io/webinar-aug20/


Designed for flexible 
instructional options

1. Germinate & observe 

Generation 1 polycot 

seedlings in a Petri dish

2. Design & justify an 

experimental design for 

a selection investigation

3. Germinate and gather 

data from Generation 2 

seedlings in a Petri dish

Option B

4. Analyze data 

gathered to 

compare 

Generation 1 & 2 

polycot frequency

5. Communicate 

and justify 

evidence-based 

explanations for 

the effects of 

selection



Aligned Performance Expectations



If you want to try this with your students

www.carolina.com

Item numbers:
158845
158846
158847
158848

http://www.carolina.com


Thank you for joining us!

● Thanks to you all, we’ve just completed the second in a 
series of webinars about teaching with Fast Plants and 
rigorous data analysis to support Three Dimensional 
learning experiences.

● Following a brief survey, you’ll receive a link to a complete 
set of teaching materials for facilitating this investigation.

● This webinar is also being recorded and will be posted 
along with the teaching materials.

● Special thanks to Claudia for bringing us insights into 
analyzing and interpreting data and—with help from her 
undergraduate student, Yizhou Liu—building and sharing 
with us a new open source data analysis app!



Q&A  What questions do you have for us?


