PLANT GROWTH AND DEVELOPMENT EXPERIMENTS
I. Plant Propagation from Stem Cuttings:

Vegetative propagation (cloning) allows for the multiplication of plants with novel genotypes that could not be preserved through seed propagation (recessive mutations, chimeras, “outlier” genotypes, etc.).  Stem cuttings are sections of stem with at least one axillary bud or a healthy shoot tip.  Propagation is achieved via the formation of adventitious roots from the base of the cutting concurrent with shoot growth from the axillary bud (or shoot tip).  The stems of some species, such as poplars and willows, contain pre-formed root primordia which confer high levels of rooting competence.  However, for most plant species, the process of adventitious root formation does not begin until the cutting has been excised.  

 Auxins, applied to the base of stem cuttings, have been widely shown to facilitate root formation, both in terms of the rooting frequency and yield.  However, high (supraoptimal) auxin concentrations may interfere with the rooting process.  In such cases, adventitious roots may be produced, but they may be short and stubby, with little elongation and branching.  Alternatively (in more severe cases), callusing may be promoted at the expense of root formation and shoot growth may be inhibited, presumably as a result of auxin movement into the axillary bud(s) or shoot tip.  In addition, the degree of auxin responsiveness for rooting induction may vary widely among genotypes and cutting types, with softwood shoot tip cuttings being the most responsive and dormant hardwood stem cuttings being least responsive.  In this lab we will compare the efficacy of different concentrations (doses) of auxin for rooting induction using stem cuttings from bush honeysuckle (Lonicera tartarica) and weeping willow (Salix babylonica), with the goal of identifying both suboptimal and supraoptimal concentrations.

Plant Material:

Branch samples from both species were collected in early August and placed in cold storage at 4 ˚C until the lab date to meet the chilling requirements of the buds.
Auxin Treatment:

The stem cuttings will be treated with IBA at 0, 500, 5000, and 15000 ppm concentrations.  Untreated (control) cuttings will also be prepared.  All of the IBA solutions have been prepared in 50% EtOH.

Experimental Protocol:

NOTE:  Each lab group will work with one species (willow or honeysuckle), but will be provided with cumulative data for the class, including data for both specis.
1) Working in groups of three to four, use the pruning shears provided to prepare nodal cuttings from the current season (1 year old) regions of each branch.  Each cutting should be 5-7 cm long and should contain at least one node (axillary bud), with the distal cut being placed about 5 mm from the closest axillary bud.  Store the cuttings in trays or plastic bags with moistened paper towels until needed.

2) Mix the cuttings together and randomly assign six cuttings to each auxin (IBA) treatment and the controls.  Dip the bases of the cuttings (proximal-most 1-2 cm) into the appropriate auxin solutions for 10-15 seconds, as a group, followed by transfer to the cell packs of wetted potting media.  The bases should be stuck to a depth of 3-4 cm and the cell packs should be labeled to indicate the treatment and your name(s) or group designation.
3) The cell packs for each treatment should be placed into half of a potting tray with the position of the cell packs being randomly assigned.  The cuttings from a second lab group will be placed in the other half of the tray, and the trays will be placed on a mist bench in the greenhouse for rooting induction.

4) After 3-4 weeks, collect data on the proportion of stem cuttings with roots, callus, and new shoot growth for each treatment, and the root and callus yields, using the data table provided below.  NOTE:  To avoid breaking the adventitious roots the cuttings should be pushed rather than pulled out of the soil using a spoon or scoop.  

	Treatment
	N
	Prop. Dead
	Prop. w/roots
	Root yields1
	Prop. w/callus
	Callus size2
	% shoot growth3

	Control


	
	
	
	
	
	
	

	EtOH


	
	
	
	
	
	
	

	500 IBA


	
	
	
	
	
	
	

	5000 IBA


	
	
	
	
	
	
	

	15000 IBA


	
	
	
	
	
	
	


1 Root yield data should be collected on a per cutting basis

2 Callus size should be rated on a scale from 1 to 3 at intervals of 0.5 units.

3 Shoot growth will be visually assessed (Y or N)

Other Notes/Observations:

II) Cytokinin:Auxin Interactions in the Regulation of Apical Dominance
Apical dominance refers the process by which a healthy shoot tip, inhibits of axillary shoot development that is observed in the presence of healthy, actively growing shoot tips. In contrast, when the tip of a shoot is removed, rapid axillary shoot development is typically observed.  In general, apical dominance is thought to be mediated by the polar transport of auxins (in particular, indole acetic acid, or IAA) from the shoot tip basipetally through the stem and into the roots   In contrast, cytokinins, are thought to be synthesized in the root tips and transported acroptally (towards the shoot tip) where they act to promote bud break.  In this experiment we will evaluate the effects of auxin (IAA) and cytokinin (BA) applications on axillary shoot break in intact and decapitated seedlings of tomato (Lycopersicum esculentum) and garden bean (Phaseolus vulgaris L.).

Protocol:

1) Working in pairs, obtain eight seedlings (2-3 wks old) of bean or sunflower. 

2) Remove the shoot tips from half the seedlings using a single edge razor blade.  The cuts should be 1-2 cm above the first node of vegetative leaves (termed the ‘target’ node).  The lowest mode node contains the cotyledons (seed leaves) which are generally small and short-lived.
3) For each set of seedlings (intact vs. decapitated) divide the seedlings among the four experimental treatments listed below. The lanolin pastes should be applied using cotton applicator sticks.  For the decapitated seedlings the pastes should be applied to the cut surface.  For the intact seedlings the pastes should be applied as rings around the axillary bud(s) at the target node.

1. No treatment

2. Lanolin (lamb wool) application

3. IAA application (5000 ppm in lanolin)

4. BA application (500 ppm in lanolin)

4) Label the seedlings to indicate the treatment and collect initial data.  The types of data to be collected are indicated in the table on the following page.  

5) Water with Miracle-Gro (1 tsp/gallon) and place on the light shelves in the lab (cool white fluorescent bulbs, 16 hr photoperiod, 23 ± 2 ˚C).


6) Collect final data after 3 weeks, at which point the class data will be pooled and summary statistics produced.  Aside from collecting the data types indicated in the table provided, you should also examine the seedlings for other treatment responses that may be indicative of auxin or cytokinin exposure, such as adventitious root or shoot formation or callusing (see ‘Hormonal Regulation of In Vitro Organogenesis’)
7) The class data will be compiled and posted online (http://users.ipfw.edu/boselam)

Axillary Shoot Regeneration Data Table:

	
	Initial data (Date __________)
	Final data (Date ___________)

	Treatment
	# of axillary shoots
	Heights (mm)
	# axillary shoots
	Heights (mm)

	Intact
	
	
	
	

	Intact-lanolin
	
	
	
	

	Intact-IAA
	
	
	
	

	Intact-BA
	
	
	
	

	Decapitated
	
	
	
	

	Decapitated-lanolin
	
	
	
	

	Decapitated-IAA
	
	
	
	

	Decapitated-BA
	
	
	
	


1 How many axillary shoots are present at the target node.
2 Measure the height (mm) of each axillary shoot present.
II) Hormonal Regulation of In Vitro Organogenesis
Compared with most “higher” animals, plants are highly competent for organ regeneration.  In fact, most horticultural propagation techniques (stem cutting propagation, grafting, etc.) are based on the natural regenerative abilities of plants.  In addition, several plant species reproduce vegetatively as a normal part of their growth and development, as is perhaps best exemplified by trees, such as trembling aspen and Sassafras, that form clones via the production of adventitious shoots of root origin.  However, the regenerative abilities of plants are perhaps best developed in tissue culture, where, the regeneration of entire plants from single cells of somatic origin is possible, with morphogenesis being facilitated by the combination of sterile culture conditions and the use of exogenous growth regulators (hormones).  Aside from being of interest from a developmental biology perspective, the ability to regenerate entire plants from single cells is essential for the production of transgenic plants.   

Plant organogenesis involves the production of entirely new organs (roots, shoots, or leaves) from differentiated tissue samples, with whole plants being regenerated via a two-step process, i.e., typically adventitious shoots may be regenerated and subsequently induced to form roots.  Two basic types of organogenesis are recognized based on whether the new organs form directly or indirectly from the tissue samples.  In indirect organogenesis, organ regeneration is preceded by an initial period of more or less random cell divisions that results in the production of tumor-like masses of heterogeneous, relatively undifferentiated cells, termed callus, from which plant organs are subsequently differentiated.  

The frequency and type of organogenesis observed is influenced by many factors, including differences in genotype, physical conditions (i.e., light, temperature, humidity, etc.), and nutrient conditions.  However, the types and concentrations of plant growth regulators is one of the most important factors.  In particular, ratio of auxins to cytokinins in the culture medium has been shown to play a critical role, with higher ratios of auxin to cytokinin favoring root regeneration, lower ratios favoring shoot regeneration, and intermediate ratios favoring callus formation.  The rate of hormone application (slow release or pulse exposure) also is an important variable.  This experiment will involve an evaluation of the effects of hormone types and ratios on in vitro regeneration from aspen (Populus grandidentata x P. canescens) callus.
Treatments:

In total, six treatments will be evaluated; a control treatment consisting of MS medium with no hormones, and experimental treatments consisting of MS medium with naphthalene acetic acid (NAA, 1 mg/L), naphthalene acetamide (NAM, and 1 and 10 mg/L), zeatin (ZEA, 1 mg/L), or both NAA and ZEA (each at 1 mg/L).  NAA is a synthetic auxin.  NAM is not an auxin but is thought to be converted to auxin (NAA) via hydrolysis in plant tissues, functioning as a slow release form of auxin.  ZEA is a naturally synthesized plant cytokinin.  

Protocol:

1) Working in groups of four to five obtain a set of six petri plates containing all of the experimental media and the control, prepared by the lab instructor.  Label the plates to indicate the treatments per instructions provided in class and examine the callus samples for signs of regeneration.  Are any organs (roots are shoots) present at the start of the experiment?

2) Seal the plates with foil and place them in

3) Response data will be collected after 3 wks.  Collect quantitative data on the frequency and types of organogenesis observed and the yield of roots and/or shoots (≥ 3 mm long) per explant using the data table provided (next page).  Qualitative data on the phenotypes of the regenerated organs may also be collected if differences are apparent between the treatments.  For example, the mean root length or degree of branching may vary between auxin treatments (NAA, NAM)

Aspen Regeneration Response Data:  
	
	Response Data

	Media Treatment
	Callus Growth1
	Proportion with roots 

(Yield)2
	Proportion with shoots 

(Yield)2

	CONT
	
	
	

	NAA


	
	
	

	NAM

(1 mg/L)
	
	
	

	NAM

(10 mg/L)


	
	
	

	ZEA


	
	
	

	NAA-ZEA


	
	
	


1 Rate the degree of callus growth from 1 to 3, at 0.5 intervals, with higher numbers indicating a greater degree of callus growth

2 Indicate the proportion of explants with roots or shoots and for each explant with organ regeneratin, indicate the number of roots or shoots (data in parentheses).
Review Questions:

1) What conclusions can you make about the effects of auxins and cytokinins on organogenesis in aspen callus?  Explain with reference to your data, comparing the experimental treatments with the controls.  Use the back side of this page if necessary.
2) Was the slow release form of auxin (NAM) superior to the free auxin (NAA) for root induction.  Explain.

3) What can you conclude about the roles of auxins (IAA) and cytokinins (BA) in apical dominance?  Explain.

4) For the rooting induction experiment were any of the concentrations of auxin (IBA) supraoptimal.  If so indicate for which species and at indicate what the criteria (data) that you used to make your decision.
5) The concentration of plant hormones in solution is typically expressed in terms of their molarity.  A one molar solution contains one mole (6.02 x 1023 molecules, i.e., Avagadro’s number of molecules) per liter of solution.  The weight (in grams) needed to prepare a 1 M solution is equal to the formula weight of the molecule being dissolved.   The formula weight of IAA is 186, meaning that 186 g would be needed to prepare one liter of a one molar solution.  Can you calculate how many grams of IAA would be needed to prepare 500 ml of a 0.5 M solution?   [Show your work, using a separate sheet if necessary]

5) What would be the molarity of a .1% auxin (IAA) solution.  (NOTE: 0.1% = 1 g/L).  Please show your work.
Review Questions:

