Gibberellins and Plant Height:

Lab Report, Specific Instructions 

Title:  The experiment title should be the same as that on the lab handout, “Gibberellins and Plant Height” 

Introduction: To ensure that the lab reports submitted can be equitably compared and fairly graded it is crucial that the experimental hypotheses are the same for all students.  If you review the experimental handout, the goal of the experiment was to test the hypothesis that “the differences in stem elongation (plant height) between dwarf, semi-dwarf, and normal-sized Zinnia cultivars is related to differences in gibberellic acid content”, with plant height and gibberellic acid content being positively related.  Although we did not measure the GA content of the seedlings directly, the responses of the seedlings to the experimental treatments (spray applications of GA and B-Nine) should allow us to make inferences about the GA content of the seedlings.  You will need to think carefully about the specific results that would expected  if the hypothesis was true, both for the controls and experimental (treated) seedlings, and are encouraged to formally state your expectations here or in the discussion section.  Also, be sure to formulate expectations for each treatment.  For example, for the control treatment what patterns would be expected for the shoot height data?  (HINT:  Remember that data from the seed company on the anticipated final heights of the cultivar (flowering heights) is provided in the lab handout.)   What about the B9 and GA treatments?  Would your predictions vary if the amount of GA added was insufficient to saturate the GA response system of the cultivars? 
Preparation of Tables and Figures:  You will be expected to prepare at least two graphs summarizing the class data.  Each graph should evaluate a separate response variable(s) (initial vs. final height, maximum internode spacing, etc) and the data from all of the cultivars should be combined onto the same graphs, if possible, to facilitate genotype comparisons.  If the data is graphed separately for each cultivar, the separate graphs should not count towards the two graph requirement (above) since they involve the same response variable.  
Additional graphs and tables may also be prepared per your discretion.  The calculation of additional summary data, such as the ratios of height growth for the experimental plants vs. the controls (within each cultivar), is also possible and is encouraged if it helps your to evaluate the hypothesis.  However, the preparation of spurious graphs will not earn you extra credit and will end up wasting time and energy that you could have used for other components of the lab report.  
Decisions on what data to present in graphic or tabular form should be based on the information content of the data in relation to the experimental hypothesis.   You should also take time to consider what response variables are most informative, when you have multiple measures of the same parameter.  For example is total height or height gain (net height increase) more meaningful, and does the answer partly depend on whether the starting heights of the cultivars were similar or dissimilar. 
Detailed instructions for how to prepare graphs and charts with Excel are provided on the class website.  Since the independent variables for the experiment are qualitatively distinct (GA, B9, etc.), the use of column or bar graphs is strongly recommended.  
Results:  Although you will not be expected to perform formal statistical analyses, the confidence intervals calculated for the class data should be used to assess whether the treatment differences are statistically significant.  In general, if the ranges defined by the 95% confidence intervals overlap, the averages being compared should be considered statistically equivalent (See ‘Standard Deviations, Standard Errors, and Confidence Intervals’ for more information).  
Discussion:  The goal here is to assess whether the experimental data supports the hypothesis.  To do so you will need to think carefully and honestly about what would be the expected data patterns if the hypothesis was true (see my earlier notes under ‘Introduction’).  If you conclude that the data does not support the hypothesis, or that differences in GA content can only partly account for the differences in plant height, you should suggest alternative hypotheses to account for the experimental data.  
For example, the differences in cultivar height may be caused more so by differences in GA responsiveness, more so than differences in GA content?  In extreme cases, cultivars may be wholly non-responsive to GA; however, most GA response mutants are able to respond provided sufficiently high GA concentrations are employed.  In general, differences in hormone sensitivity are assessed by comparing the minimum hormone concentrations required to induce a response in formal dose response experimentation.  In this experiment we did not evaluate enough GA concentrations to determine the thresholds for GA responsiveness; however, is it possible to make inferences about the sensitivity of the cultivars by comparing the ratios of growth for the 10 and 100 ppm treatments?   
In addition, is it possible that the problems with GA response may not be one of sensitivity per see, but of dynamic range with some genotypes being able to respond to GA over only a very narrow range.  These genotypes (mutants) may be equally as sensitive to GA as wild type plants; but their responsiveness may become saturated at relatively low GA concentrations.  At the molecular level what types of mechanisms may account for differences in sensitivity and responsiveness?  What roles do hormone receptors and signal transduction cascades play in these processes?  

Another possibility is that mutants may be affected for processes ‘downstream’ from GA synthesis and perception.  For example, Chandler et al (1999, see below) isolated dwarf mutants in barley that were completely non-responsive to exogenous GA and interpreted to be defective for processes directly involved in stem (cell) elongation.  They don’t speculate about the specific ‘lesions’ but mutations affecting cell wall composition and cross-linking would be likely culprits. 
A fourth possibility is that the differences in cultivar height are a consequence of differences in the developmental timing, especially in relation to the transition from vegetative to reproductive growth.  Since Zinna produce terminal flowers, there is a direct trade-off between height growth and flowering.  If two cultivars grow at the same rate, on a per unit stem basis, but flower at different developmental stages as evaluated in terms of the number of nodes produced prior to flower differentiation, the final heights of the cultivars would vary proportionally.  For example, if one cultivar flowers after five nodes of vegetative growth and a second flowers after ten nodes, the former would be expected to grow only about half as tall as the latter, unless it produced twice as much elongation per internode.  
Another possibility, though perhaps less likely, is that the degree of chemical (GA, B-Nine) absorption may vary between cultivars?   Does the fact that we used distinct cultivars, that differ for a wide variety of traits, as opposed to dwarf mutants  from within the same cultivar, make this possibility more or less likely?  

The discussion is also an appropriate venue for evaluating the experimental design and research methodology.  There are many types of questions that are typically considered in this context.  Were all of the experimental units (plants) equivalently treated, or did the experimental protocol induce biases?  Did the protocol minimize the likelihood of errors or were there specific components of the protocol where the introduction of experimental variability was likely, etc.  An especially important consideration for class experiments is in identifying whether there were any obvious sources of between group variation that could have contributed to the overall data variability?  Could differences in staking, degree of spray application varied between student groups? Are their any improvements that could be made in the experimental protocol if the experiment was repeated?  
General Notes:  
The lab reports should be an individual effort.  Although you may discuss ideas with other students, you must write your own report.  If lab reports showing obvious evidence of plagiarism are discovered, only one of the reports will be graded and the points will be divided among the students involved in the plagiarism.  

Standard Deviations, Standard Errors, Confidence Intervals, and Statistical Significance:

The standard deviation is a measure of the variability of the experimental data.  Standard errors, on the other hand, are estimates of the amount of data variability that would expected if an experiment was repeated multiple times. Standard errors are calculated as the quotient of the standard deviation divided by the square root of the sample size (n).  

Standard errors are not all that useful in and of themselves; however, the calculation of standard errors forms the basis of several common statistical tests (e.g., t-tests, etc).  In addition, standard errors are used to calculate confidence intervals.  A confidence interval is a range of values in which the true value of a population parameter would be expected to fall at a specific confidence level.  For example, a 95% confidence interval indicates a range of values within which we would expect the true value to fall with 95% certainty.  

Confidence intervals can be used to estimate whether the differences between treatment means are statistically significant.  If the numeric ranges defined by the confidence intervals do not overlap, the differences between the averages are significant at the level of probability being evaluated.  Differences are considered statistically significant if their 95% confidence interval ranges don’t overlap and statistically equivalent if these ranges are overlapping.  For example, if the mean and 95% confidence interval are 4.2 ± 1.5 for one treatment and 5.7 ± 2.2 for a second, the differences in the treatment means would not be considered statistically significant since the most extreme values in each confidence interval overlap.
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