Investigating Flowering in Chamaecrista fasciculata (Partridge Pea) from an Evolutionary Ecological Genomics Perspective

Chamaecrista fasciculata (partridge pea) is a native prairie plant that flowers at different times in Kansas, Oklahoma, and Minnesota (Etterson and Shaw 2001). There are a number of important biological questions that can be asked about Chamaecrista, including how global change will affect native populations, that depend on understanding the regulation of flowering in this species. 

You have access to an interface to the Chameacrista Genome Explorer (http://serc.carleton.edu/dev/exploring_genomics/chamaecrista/index.html). This is a web-based interface designed to help you ask questions and test hypotheses about expressed genes from the MN, KS, and OK Chamaecrista ecotypes. The Explorer gives you access to databases containing whole transcriptome sequences (WTS) of shoots from plant material grown at Carleton.  The WTS are all the RNA in a tissue or organ at a specific development stage. There is pooled transcriptome data are from the MN ecotype shoots, roots, and nodules at different developmental stages. Expression data for the individual shoot, root, and nodule developmental stages are available. Pooled transcriptomes of KS and OK shoots at different developmental stages are available and can be used to ask questions about diversity by looking for SNP (single nucleotide polymorphism) variants among the ecotypes.

You may be curious about how the WTS sequence was generated. We isolated RNA using a protocol that you will be introduced to in week 5. From the total RNA, mRNA was purified. We were able to separate mRNAs from other RNAs because only mRNA has poly-A tails. The mRNAs were then sequenced using two different next generation sequencing technologies – 454 Titanium and Illumina. Both technologies are faster and less expensive than Sanger sequencing (see your text), but they sequence much shorter pieces of nucleic acids than Sanger sequences. For a video that explains Illumina sequencing, go to http://www.illumina.com/downloads/GA_Workflow_vid/ and click on the menu option for ‘technology.’ For information about 454 sequencing, go to http://www.454.com/products-solutions/experimental-design-options/multi-span-paired-end-reads.asp. You can download a brochure that gives more information. You can also scroll to the bottom of the web page for a figure explaining the process. A quick review of Sanger sequencing in your textbook will help you understand the unique aspects of these next generation sequencing technologies as well as the advantages and disadvantages. After the sequencing, collaborators at the National Center for Genome Research and Iowa State assembled the short reads into longer contigs that you will be working with in the Explorer.

 Your group of 3 to 4 students has the opportunity to explore the Chamaecrista database, the literature, and other relevant databases to frame, refine, and address a question about flowering in Chamaecrista. You might choose to use the developmental expression data to develop a model for the genetic control of flowering in Chamaecrista, using the Arabidopsis model you explored during the first two weeks of lab. Or you might continue with the ecotype variation approach you were also introduced to in the first two weeks and investigate variation in floral genes among the ecotypes.

You should then propose next steps that utilize genetic and molecular biology experiments to functionally test your hypothesis. While working on this project, be sure to stay focused on the biological question you are addressing.

Some things to consider before getting started:

What is the phylogenetic position of Chamaecrista? How could you use this information to decide which other sequence databases to look at for comparisons?

These sequences were obtained using Solexa and 454 sequencing. The expression data and ecotype variant data (SNPs) were obtained via Solexa sequencing while the pooled transcriptome was scaffolded with 454 sequences and extended with Solexa sequences. How does the pooling of plants affect your interpretations of the SNP data?

Project expectations:
Week 3: At the end of lab, turn in a thoughtfully framed question that you will continue to address during week 4 and a brief description of the strategy your group will use to answer the question. This may be the question that emerged during your whole plant analysis or it may be a revised question based on your exploration of the WTS data.

Week 4: At the end of lab, turn in a thoughtfully framed question based on your transcriptome analysis that would extend your work by using a wetlab approach. For weeks 5 and 6 you will have the tools necessary to isolate RNA and determine the concentration of total RNA, design and order primers for PCR, do PCR, separate your PCR products on agarose gels, and assess the relative amounts of your PCR products on the gel using an imager that can report the intensity of bands on a gel.

Week 9: 

1) Powerpoint presentation to be presented during last lab meeting. This presentation will include information about whole plants, your in silico work, and your molecular experiments.

2) Completion of a feedback form on the presentations of each group, including your own group. This feedback will be shared anonymously with the presenters.

3) You will be asked to report on the relative contributions of each group member in writing. This information will be made available only to the instructor. 
Week 10:

1) Five page group paper on your findings written in journal style. Your paper should include a constructed representation of your conclusions. Be sure to use the feedback you received on your oral presentation to further strengthen your paper. A strong paper will demonstrate your ability to frame a tractable problem, to understand context and assumptions, to develop your own perspective, to make case with evidence, to integrate other perspectives, to form conclusions, and tocommunicate effectively.
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