Plant Genome Analysis with DNA Subway
Exercise I-  Using DNA Subway Red Line to generate evidence for a gene model.
Exercise II-  Red Line + Apollo-  Building defensible gene models.
Exercise III- Yellow Line- Identifying Green Revolution Genes.
Prerequisites 

This lab exercise is designed for advanced biology students.  It is appropriate for an upper division biology class.  Students need a solid foundation in the central dogma of molecular biology.  Knowledge of eukaryotic gene structure (untranslated regions, introns, exons) is required.

Time/Resources/Faculty Requirements Needed 

These exercises can be completed in three 3 hour lab periods.  Each student or pair of students needs a computer with internet access.  Each computer needs a recent version of JAVA and a browser.  JAVA must be at least Version 6, Update 18 for PCs or Java Version 6 for Macs.  The browser must be Internet Explorer 7 or above, Firefox 3.5 or above or Safari 10 or above. To have full access to DNA Subway, registration is required.  Registration MUST be done at least 24 hours in advance!!!  Make sure students register prior to the lab section!!!

List of Materials
Introductory PowerPoint- Introduction.ppt

Microsoft word document for each exercise:  Exercise I.doc, Exercise II.doc, Exercise III.doc
 PowerPoint for each Exercise:  Exercise I.ppt, Exercise II.ppt, Exercise III.ppt
Learning Objectives, List of Important Concepts, Example Assessment questions (see below).
Learning Objectives
Exercise I
Students should be able to

1.  Use various methods to visualize genes and gene predictions using DNA Subway. 

2.  Recognize the strengths of various gene prediction programs.

3.  Run and gain an understanding of Repeat masker.

4.  Retrieve DNA sequences from NCBI.

5.  Distinguish between BLASTn and BLASTx.
6.  Evaluate the strength of evidence for gene predictions.
Exercise II

Students should be able to

1.  Take a DNA sequence to the end of the Red line.

2.  Visualize genes and gene predictions using a genome browser. 

3.   Evaluate the strength of evidence for gene models.

4.  Examine DNA sequences in Apollo.
5.  Use the Apollo ‘exon detail editor’.
6.  Delete, split, and merge exon in Apollo.
6.   Build Gene Models in Apollo.
7.  Name Gene Models and upload them to DNA subway.

Exercise III

Students should be able to
1.  Discover how changes in individual genes produce phenotypic change.
2.  Learn to apply bioinformatics tools to identify groups of related genes and investigate their evolutionary relationships.
3.  Understand that genes often are members of gene families that may arise through gene duplication.
4.  Be able to apply sequence analyses to identify mutations underlying specific phenotypes. 

5.  Understand how selection for specific phenotypes drove the Green Revolution. 

Biological, Analytical, and other Concepts explained to students during the module 

1. Plant Genomes have large amounts of repetitive DNA
2. Protein and DNA sequences can be compared using BLAST programs from NCBI
3. Gene Predictions made by any DNA analysis software are often incorrect 

4. Plant genes frequently produce multiple transcripts

5. Plant genes are often members of larger gene families
6. Gibberellins are an important group of plant hormones that affect plant growth and development
7. Mutations in DELLA proteins affect plant growth and yield 
8. Plant gene evolution can be elucidated by aligning homologous proteins
Assessment examples 
1.  Go to DNA Subway (dnasubway.iplantcollaborative.org/).  Log in with user name of your instructor password _ _ _ _ _ _ _.  Click on ‘my projects’.   Select the project called Arabidopsis lyrata clone JGIFAFI-69F3 (GenBank: AC237335.1)

How many DNA repeats are present in this clone? ___________________
How many genes are predicted in this clone by Augustus? _________________________

How many of the genes are likely to undergo alternative splicing? _____________________
Name one Augustus gene model that needs to undergo exon splitting? ________________

Name one Augustus gene model that needs to undergo exon merger? ________________

Take a look at the gene prediction Augustus 008.  Describe the steps you would take in trying to build the appropriate gene model in this region. 

2.  What gene feature is usually more accurate in an Augustus gene prediction than a model generated by BLASTn?

3.  Homologous proteins of a particular gene family were used to generate the phylogenetic tree below.  What is the most likely timing of the major genetic changes that gave rise to this gene family?
The figure below shows the key domains of the DELLA proteins.  DELLA proteins are transcriptional repressors.  When the hormone GA is absent the GRAS domain binds transcription factors, inactivating them.  When GA is present the DELLA domain binds the protein GID1.  This binding causes the DELLA protein to be tagged for degradation (using ubiquitination).  With DELLA proteins degraded the transcription factors are able to bind promoters and turn on gene expression leading to increased growth of stems.
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4. What phenotypic effect would you predict the mutation you have discovered to cause?  

5. Prepare a diagram that shows how the signal transduction pathway might be affected as a result of this mutation.

6. Other mutations in DELLA proteins are known to cause plants to be taller than normal.  Propose a mechanism by which changes elsewhere in this protein could cause plants to be taller than normal.  Expand the diagram you prepared in the previous question to illustrate this.
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