Genetics Lab Week 1

Effects of Temperature of Photoperiod on Flowering Time in 

Chamaecrista fasciculata (Partridge Pea) Ecotypes
About Chamaecrista fasciculata: Chamaecrista fasciculata (partridge pea) is a native prairie plant that flowers at different times through out the Eastern and Midwestern United States. Chamaecrista is a fascinating legume with flowering time linked to location (Etterson 2004a,b). The rate of climate change may be too rapid to allow adaptation of flowering time. From an applied ecological perspective, Chamaecrista has potential as a component of mixed prairies as feedstock for biofuel (Fargione et al. 2008). From an evolutionary perspective, Chamaecrista is rapidly becoming a model for non-papilionoid legumes that can be used to address questions about the evolution of flowering and nodules in legumes, as well as the timing of whole scale genome duplications within the legumes. Our genetics class will be working with this plant over the course of the term and contributing our findings to efforts of the Chamaecrista research community. For an overview of our work to date, read the paper by Singer et al. (2009).

Goals: For the first week of the term, our focus will be on an initial analysis of Chamaecrista fasciculata plants from different regions in the United States with a focus on sorting out genetic and environmental factors in flowering. Transplant experiments by Julie Etterson and Ruth Shaw (2004a,b) show that there is a genetic component to flowering in ecotypes from KS, OK, and MN because the MN plants flower at about the same time when grown in the field in MN and OK. We are using controlled growth conditions to sort out the effects of light and temperature on flowering in different ecotypes of Chamaecrista. Asking how genetically similar plants respond to different environments provides information about phenotypic plasticity: the ability of an organism to change its phenotype in response to changes in the environment. In addition to collecting new information, you will begin to form questions and hypotheses about Chamaecrista flowering that will enable you to move forward and analyze whole transcriptome sequence data from the three ecotypes beginning week 2. In addition to the biology, which integrates environment and genetics, the first week of lab should get you thinking about how to work with large data sets and also how to make visual representations, skills that will serve you well as the term progresses.

For much of the rest of the term you will be working with genomics data with a goal of addressing an interesting biological question about flowering. You will become acquainted with a number of strategies for investigating genomics data as the term progresses. One of the strategies is to learn as much as possible about the biology of your organism. This first lab gets you started with that strategy.

Plant material: MN, OK, and KS ecotypes of Chamaecrista are growing under different daylength and temperature regimes in our growth rooms. You will be provided with data collection sheets and also data from some experiments other students have conducted.

Tasks for Week 1:

· Gain familiarity with the morphology Chamaecrista ecotypes growing in the growth rooms.

· Gather information on the climate, photoperiod, and phenology for the regions where the ecotypes originated and organize your data in an Excel spreadsheet. These are the same MN, OK, and KS ecotypes that Etterson (2004a,b) worked with. Then create a visual representation of the data you have collected. The following resources will be useful:

This quote from the Etterson (2004a) paper will help you find information about the MN, KS, and OK ecotypes:

Three focal populations were sampled across an aridity

gradient from three dry tallgrass prairie fragments in the

northern half of the species range: MN (Kellog-Weaver

Dunes, Wabasha Co.), KS (Konza Prairie, Riley Co.), and

OK (Pontotoc Ridge, Pontotoc Co.). These sites are between

448N and 348N latitude and, from north to south, range 17–

238C in average temperature and 50–60 cm total precipitation

during the growing season (p. 1448)
Nancy Braker, the Carleton Arb Director, has found records from the 1970s that indicate that all the Chamaecrista in our McKnight Prairie and the Cowling Arboretum restoration prairies came from Weaver Dunes. I will also provide you with data for flowering times this past summer in our sites at Carleton and Weaver Dunes so you can compare this data with the growth room data.

Phenology is the study of the timing of naturally occurring events such as the date when the first leaf of a plant expands or the first flower opens (first bloom). Temperature and daylength are significant factors affecting phenology. While I’m not aware of a Chamaecrista phenology database, you can use other databases such as the North American lilac first leaf and first bloom phenology resource (ftp://ftp.ncdc.noaa.gov/pub/data/paleo/phenology/north_america_lilac.txt) as a proxy. 

At the end of the lilac website is information about latitude and longitude of each site where data is recorded. There is also information about the elevation of the plants. This may be as important to consider or control for when looking at latitude and longitude. Also keep in mind that the data has been collected over decades. What can latitude and elevation can be proxies for? You may find a paper on altitudinal variation in flowering time of lilac by Larcher (2006) to be helpful as you contemplate this question. How much variation in flowering time is there from year to year? As you choose the data you will work with, talk over your assumptions with your lab partners and be sure to clearly state your assumptions and decision-making process in your lab write up. 

You might want to link the information about the sites where the Chamaecrista seeds were collected to patterns in lilac first bloom dates. One way to do this would be to obtain latitude and longitude information for the counties in the USDA database. You might want to use a website that allows you to search by state and by county to obtain latitude and longitude data (http://www.plantsystematics.org/cgi-bin/dol/dol_geotools.pl).

You may also choose to use Google Maps to obtain latitude and longitude data. Whichever strategy you use, keep in mind that altitude can make a difference also. Here’s a strategy:

1. Go to maps.google.com and search for the county and state.

2. You should now have a map of the county in front of you. 

3. Right-click on the pink place marker in the middle of the map, and select "Directions from here" from the menu. 

4. The place marker will now turn green, and you will be able to drag and drop the marker. 

5. Drag and drop the marker someplace away from a road.  There will now be latitude and Give it a try for Gila National Forest. The coordinates are 33.755173, -108.450165.

Perhaps you will decide to relate date of first bloom with photoperiod. An online photoperiod calculator that uses latitude can be found at http://www.sci.fi/~benefon/sol.html. An alternative photoperiod calculator can be found at http://www.ou.edu/research/electron/internet/solarjav.html.

· Focus on the NFI (node of floral initiation) data you collect, but also attend to possible differences between the node of first open flower (NFO) and NFI in the short day vs long day data you will be provided with.

· Construct a representation of the data in the different ecotypes, being sure to include flowering time data.

· Using the information you gather, propose a model to explain the evolution of the different flowering ecotypes that correlates environment and flowering time measured in days to flowering and NFI. Be very careful to consider how you can sort out genetic vs environmental factors. Think about this as you consider the phenology datasets. 

Models are valuable ways to synthesize information in a way that leads to new understandings. If you haven’t had much experience developing models, spend some time at this website which provides information on “What is a Model?”: http://serc.carleton.edu/introgeo/models/WhatIsAModel.html. The Dunn et al. (2009) paper cited below provides an excellent example of how modeling has been used to effectively understand shoot development in peas. 
· Your proposed model should be accompanied by an experimental design to further test your model.

Due Week 2:

· A paper that includes a model linking genetic and environmental factors regulating flowering time and an experimental design to test our model. You may work together on your analyses and model, but each of you should turn in your own model. Specifically, you should prepare 1-2 pages of double spaced text plus figures and diagrams. Your figure(s) should include an analysis of lilac and Chamaecrista flowering times that take into account latitude and photoperiod. Your diagram should be a visualization that proposes how the evolution of the different flowering ecotypes correlates with environment and flowering time measured in days to flowering and NFI. You should also include a proposed experiment to further test one aspect of your model.
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� Only the Singer et al. (2009) paper is required reading for this week. I would be glad to share copies of the other papers if anyone is interested.








