Genetics Lab Weeks 2 and 3

Investigating Flowering in Chamaecrista fasciculata (Partridge Pea) from an Evolutionary Ecological Genomics Perspective
Where to meet:
Tue Jan 11, 1-5pm, CMC 110

Thu Jan 13, 8-12pm, CMC 110
Tue Jan 18, 1-5pm, LDC 243
Thu Jan 20, 8-12pm, CMC 109
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. During the first week of lab you learned a bit about flowering and phenology in Chamaecrista. Building on the biology of the plant, you will begin asking and answering questions about the regulation of flowering in Chamaecrista at a genomics scale. You will continue to develop strategies and skills for addressing biologically interesting questions using very large data sets.

Looking for and visualizing patterns in large data sets is a challenging undertaking. You might find it helpful to read the article titled “Quantitative Analysis of Culture Using Millions of Digitized Books” (Michel et al., 2010, posted to Moodle) and consider the ways data is presented in the article. The data set under consideration is about 4% of all the books ever printed, but you can search only by words. The advent and analysis of this database led the authors to coin the term “culturomics.” Instead of a 26 letter alphabet, you will be working with a 4 letter alphabet.

Chamaecrista Explorer: You have access to a database with whole transcriptome sequences (WTS) of shoots from these three Chamaecrista ecotypes and other resources (http://serc.carleton.edu/exploring_genomics/chamaecrista/). This interface has been designed to encourage you to think about different strategies for using transcriptome data. Use your own electronic notebook, not the one in the interface, and record your ponderings, data, and analyses. There are several datasets within this database, all generated from RNA from plant material grown at Carleton. The 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 look for SNP (single nucleotide polymorphism) variants among the ecotypes.

These sequences were obtained using Illumina (Solexa) and 454 sequencing. The expression data and ecotype variant data were obtained via Illunina sequencing while the pooled transcriptome was scaffolded with 454 sequences and extended with Illumina sequences. There is information in the Explorer on how Illumina and 454 Next Generation sequencing is accomplished.

Your group of 2-3 students has the opportunity to use the Chamaecrista Explorer, 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. Or you might continue with the ecotype variation approach you were also introduced to in the first week and investigate variation in floral genes among the ecotypes. It will be important to use data on flowering genes in other species in your analyses. How could you use information about the phylogenetic position of Chamaecrista to decide which other sequence databases to look at for comparisons?

You will have two weeks in lab to work with the Chamaecrista Explorer. During the second week you will develop a hypothesis that can be tested using molecular techniques (specifically RNA isolation, PCR, RNA quantification, and possibly sequencing). MN, KS, and OK plants at different developmental stages, grown under LD/warm, LD/cool, SD/warm, and SD/cool conditions will be available to you. You will be able to design and order primers of your choice, developed using the data in the Explorer. You will present your findings as an oral presentation and a paper that includes all the work you have done on Chamaecrista over the course of the term (whole plant analyses, in silico analyses, and wet lab work.) While working on this project, be sure to stay focused on the biological question you are addressing.

Getting started:

1) Take some time to familiarize yourself with the Explorer. I will continue to add information and modify the site as the term progresses.

2) To familiarize yourself with analysis strategies focused on gene expression, complete the JMP Genomics tutorial in that section before leaving lab. The tutorial asks you to record your conclusions in your electronic notebook.

3) To familiarize yourself with aspects of a candidate gene approach, complete the section in the Explorer on using the Soybean Genome Browser to visualize the Chamaecrista transcriptome.

Project expectations:
Week 2: At the end of lab, turn in a thoughtfully framed question that you will continue to address during week 3 and a brief description of the strategy or strategies your group will use to answer the question (submit via Moodle and enter in your electronic notebook). This is an in silico (bioinformatics) question. Your electronic notebook entries will be evaluated at the end of the term. At a minimum your lab notebook will contain your question and strategy, as well as responses to the JMP Genomics and soybean genome browser exercises. Each group will report out on their question at the end of lab.

Week 3: Today you will address the bioinformatics question you framed last week. Be sure to record all your data and conclusions as you will need them for your final presentation and paper. At the end of lab, turn in two items: 1) A flow chart showing how your group moved through different strategies to answer the question you posed at the end of week 2 and 3) a thoughtfully framed question based on your transcriptome analysis that will extend your work by using a wet lab approach (submit via Moodle and record in your electronic notebook). You will begin this wet lab analysis starting week 5. You may design an experiment that utilizes RNA isolation, PCR, RNA quantification, gel electrophoresis, imaging, and possibly DNA sequencing. You will need to design primers for your experiment. There will be time to finalize your primer sequences during week 4 and you will use them during week 6 and possibly week 7. Each group will report out on their question and wet lab experimental design at the end of week 3 lab.

Week 8:  You will wrap up your experimental work and should have time to work with  your lab team on your Powerpoint presentation for week 9, as well as planning for your research paper.

Week 9: 
1) Powerpoint presentation to be presented during last lab meeting.
2) Completion of a feedback form on the presentations of each group, including your own group.

Week 10: 
A five page group paper on your findings written in journal style is due the last day of class. Your paper should include a constructed representation (model) of your conclusions. It is an expectation that you will use feedback from the group presentation to strengthen your paper. Each of you should also submit your own individual model.
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*Excellent model of flowering time genes and regulation of flowering in Arabidopsis
**Parallel project on Aiptasia (including an Aiptasia Explorer) is underway at Vassar
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