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Plantae: Vegetative 	 Name	
The instructors have decided to avoid plant morphology, assuming your secondary biology education made you fully aware of the form of a plant and its three organs: leaf, stem, and roots. Therefore we start this exercise with internal anatomy of these three organs and proceed to some biochemistry/physiology experiments.
I. Homework: Plant Anatomy (Internal Structure)
This first part of the exercise is to be done at home before coming to lab! Remember the 6 hours you are supposed to do at home for each week? Well, these are some of those!
As mentioned above, you will examine the internal anatomy of the three major plant organs of a typical vascular plant (Kingdom Plantae aka Viridiplantae aka Chlorobionta). The tissues inside of a leaf, stem, or root are very small, so the examination requires the use of a microscope to examine thin sections of tissue. Since making these thin sections is tedious, we shall leave that for an upper-level Botany course. Instead, micrographs at lower and higher magnification are available linked from your instructor’s course syllabus. You can find helpful information in your textbook: Chapters 31, 37, and 38.
Each of the three vegetative organs is made of tissues. Vascular plants have an advanced form of vascular (conductive) tissue consisting of xylem and phloem tissues. These two tissues are arranged in a characteristic pattern in each organ that we shall examine. These tissues are typically surrounded by a tissue known as ground parenchyma. Each plant organ is covered by a single layer of cells known as the epidermal tissue. The cells of these plant tissues typically have cellulosic walls, true nuclei, numerous chloroplasts, prominent vacuoles, and store starch. You should be able to observe these cellular structures in some of the cells you will observe on-line.
The colors you will observe in prepared specimens are artificial. The thin sections of plant organs have been dyed with a series of dyes (green, red, and purple) that are absorbed by structures containing particular chemicals. The red dye stains areas rich in fatty chemicals (cutin, suberin, lignin), whereas the green dye primarily stains cellulose (a polysaccharide).
Throughout this exercise you will be asked to make drawings. These are not to be artistic renderings of the subject, but are to be functional diagrams. You use a sharp pencil to make the drawings. In making your drawings, do NOT draw in every cell you observe; if a region is composed of many cells, outline the region and draw only a few cells (5 or 6) in detail. DO NOT draw in hundreds of tiny imperfect circles or show areas filled with squiggles!! In this exercise, the structures to be labeled are indicated in bold type. Before handing your drawings in for examination, BE SURE that you have labeled all of the structures indicated.
A. Leaf Anatomy
Observe a micrograph of a leaf cross section of Syringa vulgaris (common lilac) and examine it carefully.  Locate the three major tissue layers (vascular, ground, dermal) of the leaf.
The epidermis surrounds the inner tissues. Notice how the upper epidermis has very few stomata compared to the lower epidermis. The epidermis is coated with a waxy material called cutin which prevents evaporation and water loss. The cutin picks up the red dye and should appear as a thin pinkish layer on the outer surface of the leaf. Thus, the only meaningful openings for gas exchange are the stomata surrounded by guard cells. The guard cell pairs work in a special manner involving light, hormones, and ion pumps to fill up with water by osmosis and open the stoma, or to lose water by osmosis and close the stoma.
The mesophyll consists of large cells (parenchyma) filling up the bulk of the leaf mass. This is subdivided into the upper palisade mesophyll and the lower spongy mesophyll layers. The palisade layer is a parallel array of columnar cells each containing many chloroplasts. The spongy layer has nearly isodiametric cells arranged in a loose network. Both areas of mesophyll carry out photosynthesis for the plant and need good gas exchange to do this. You will notice that each cell in the mesophyll is largely surrounded by an apparent gas space. The gases produced as waste in the cell (e.g.: oxygen) can be exchanged for essential gases (e.g.: carbon dioxide) in the gas space. The gas space, in turn, might exchange gases with the external atmosphere through the stomata. Think about how you might you test this hypothesis (we will do that in the laboratory exercise).
The veins pass through and across the section of leaf tissue on your slide. The veins consist of two bundles of elongated cells, each bundle like a handful of straws. The cells are bundled side to side, but are connected end to end along the length of the vein. The two bundles in each vein are distinct.
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The bundle of cells closer to the upper epidermis is the xylem tissue. This tissue consists mostly of dead, elongated cells, attached end to end, with the endwalls missing or perforated. The side walls of the xylem cells are heavily thickened with lignin (a brittle crystalline material giving mechanical strength). Lignin picks up the red dye so the walls appear pinkish. Water and minerals from the soil come into the leaf through these xylem cells. The water is brought there mostly by evaporative forces generated by gas exchange at the epidermis.
The bundle of cells closer to the lower epidermis is the phloem tissue. This tissue consists mostly of living, elongated cells, attached end to end, with perforated endwalls. The sidewalls of phloem cells are relatively thin and pick up only the green dye. The phloem carries the chemical products of photosynthesis and other chemical reactions from the mesophyll to the rest of the plant via the stem.
In the space provided below, diagram a portion of the cross section of a leaf. You need only show the layers and a few cells (less than 10) in each region. Label your diagram by connecting lines to your drawing from the provided labels. Make sure the lines touch the target but do not cross. For a cell, the line should end in cytoplasm; for a surface, then the cell wall; for an intercellular space, the line ends in a real space (not contained by a “wall”)!

Cutin
_______________________________________________________
Upper Epidermis
Palisade Mesophyll

Spongy Mesophyll
Gas Space
	Lower Epidermis	_________    __________    ________
Guard Cells
Stoma
B. Stem Anatomy
The stem is largely a supporting structure and it holds a display of leaves to the sun. It is also a conductive structure. The stem transfers water and minerals from the soil to the upper parts of the plant. The stem also transfers water and photosynthetic products from the leaves to the rest of the plant. Its structure is very similar to a leaf and has three fundamental tissue zones. Observe a micrograph of a stem cross section of Helianthus annuus (annual sunflower) and examine it carefully on-line. Locate the three major tissue layers (vascular, ground, dermal) of the stem.
The epidermis. You will notice that there is an outer layer of epidermis. Of course the stem is usually round, so there is no inner and outer or upper and lower distinctions. The epidermis, like that in the leaf, is responsible for preventing water loss except through stomata. The stem epidermis will also have guard cells that regulate loss through the stomata, they are rare, however.
The cortical parenchyma filling up the stem volume is roughly equivalent to the mesophyll parenchyma of a leaf. In many species the stem is green and the outer layers of the cortex contain the chloroplasts necessary for photosynthesis. The outer cortex area may also contain some cortical collenchyma. These cells have unevenly thickened walls and are responsible for mechanical support. Embedded in the cortex are veins or vascular bundles as discussed below. Near the center of the stem cross section is more parenchyma. This inner area is called the pith region.
Page 2

The vascular bundles are equivalent to the veins of a leaf, but they are arranged into a ring (not unlike the vertical columns in Stonehenge, England). Since these are oriented primarily up and down the length of the stem, the stem cross section shows only slices of these elongated cells. Each bundle consists of two major tissues as in the leaf. The cells with dark red walls toward the epidermis are the phloem fiber cells; the cells with green walls located interior to the fibers are the functional phloem cells. The cells with red cell walls grouped toward the center of the stem are the xylem cells. The vascular tissues are separated by the vascular cambium.


Notice the white area in the small overview diagram of a cross section of a stem below (left). Enlarge that area of the stem cross section in making your sketch and using the outline provided below (right) to show the area around one vascular bundle (oval). You need only show the layers and a few cells (less than 10) in each region. Different cells should look different too (size, walls, contents, etc.)! Label your diagram by connecting lines to your drawing from the provided labels. Lines must touch the target cells! No crossing lines!
Overview	Enlargement of One Vascular Bundle Sector
Epidermis
Cortex

Pith
C. Root Anatomy
The root has an even more primitive structure than the stem. There is still a single-cell layer of epidermis and a cortical region of ground parenchyma, but the vascular bundles are coalesced into a single solid vascular cylinder. Observe a micrograph of a root cross section of Ranunculus acris (buttercup). Locate the three major tissue layers (vascular, ground, dermal) of the root.
The root epidermis is equivalent to that in the stem and leaf, but both cutin and stomata are absent in young portions of the root.
The ground parenchyma is represented by only an outer layer of cortex.  This region typically lacks collenchyma.
The vascular tissue is partially coalesced into a solid vascular cylinder. In the cross section you see a circle representing these tissues. The cells again are very elongated and you observe only slices of them. The central portion of tissue comprises the coalesced xylem areas.
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Differentiate ways to tell that the most-central area is xylem (rather than phloem).
	Cell Wall Thickness
	thin
thick
	Cell Wall Color
	red
green
	Cell
Size
	large
medium
small
	Cyto-
plasm
	none
simple
complex


Near the periphery (edge) of this central disc of vascular tissue are discrete (uncoalesced) bundles of phloem with cells in two sizes.
Differentiate ways to tell that these areas are phloem (rather than xylem).
	Cell Wall Thickness
	thin
thick
	Cell Wall Color
	red
green
	Cell
Size
	large
medium
small
	Cyto-
plasm
	none
simple
complex

	
	
	
	
	Cell
Size
	large
medium
small
	Cyto-
plasm
	none
simple
complex


Between the vascular tissues and the cortex is a single layer of cells known as the endodermis. In these cells, a portion of the radial walls, both longitudinal and transverse, contains lignin and suberin (waterproofing substances). This band around the wall is called the Casparian strip.
Between the endodermis and the vascular tissues is the pericycle, the origin of branch roots and root bark. The endodermis is critical to active transport and selective uptake of minerals from the soil water which, aside from mechanical anchorage, is arguably the most important function of the root!
In the space provided below, diagram a cross section of a root. You need only show the layers and a few cells (less than 10) in each region. Label your diagram by connecting lines that do not cross each other to the cells in your drawing from the provided labels. You need to touch the target cell with your line!


Epidermis
Cortex
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II. Physiology Experiments
A. More Homework: Root Biochemistry
On the previous page you observed the structure of a root by looking at an artificially-dyed root cross section. As you may know, plant roots are naturally white to pale amber in color. The dyes used helped us distinguish the layers of cells.
Return to the on-line micrograph of the buttercup root cross section. Click on the images until you get to the one that has moved to high magnification showing both xylem and phloem cells up-close. We said that xylem contained lignin in its walls, but phloem did not…well how could we verify that? Hint: recall how the stains worked; the red dye in the standard staining procedure is Safranin and it binds to fatty substances such as cutin, suberin, and lignin. We will now use these resources and apply these concepts to do a thought experiment.
As a bit of review, recall that a prediction has an “if” assumption about the hypothesis, a “then” expected results in the case of that assumption being valid, and a “when” description of what would need to be done in an experiment. Be sure your entries for these three parts are complete and really do test the validity of the hypothesis.
Hypothesis: Phloem cell walls contain lignin.
Prediction: If	,
	then	,
	when	.
Experiment: The root cross section was cut and stained in the usual way including with Safranin and photographed. The results are before you in the micrograph. What do you observe?
	The color of the phloem cell walls is this color:	
	How do you know the red stain "took"?	
This tissue comparison is actually not a control, but is sometimes called a check. For this question, a check is more important than an untreated control.
Analysis: Are the data consistent with the prediction? 
Decision: The hypothesis: 
	Having made your decision, what is your conclusion (note the difference)?
	Phloem cell walls contain lignin.
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B. Stem Physiology
We proposed that the xylem of the stem conducts water and minerals from the root to the leaf. How might we test that this could actually happen? Hints: Normally we cannot see minerals dissolved in xylem sap, but there are chemicals that can be observed as they move in the xylem; then also think: time, place, direction!
Hypothesis: Xylem actually conducts water and dissolved chemicals.

Prediction: If	, (hint: time, place, direction)
	then the stem	
	and the leaf	,
	when	.
What color is the stem tissue before treatment?	
Why is this stem color an important selection criterion for this test? (hint: some stems are purple)
	
Experiment: Cut off a bean shoot near the potting soil and stand the shoot in the beaker containing 1% Eosin Y stain dissolved in water. Observe the plant carefully over several minutes. What are the results (hints: again think time, place, direction!):
In the stem:	
In the leaf:	
What would be the control for this manipulation?	
	
Analysis: Are the results consistent with the prediction?  
Decision: The hypothesis:	
Leave the cut shoot in the dye until near the end of the class period. Notice how the dye has become more concentrated in the mesophyll than in the veins bringing dye to them.
What process caused this increase in concentration?	
If the dye were actual soil minerals, that process not only draws up water, but also increases the concentration of dilute soil minerals for use by the leaf cells and for the rest of the food chain…you! It is refreshing to know we can get our minerals without having to eat dirt!
Make some paper-thin cross sections of an internode that was never submerged in the dye but has had the dye produce stripes extending along its length. Put those sections in a wet mount and observe immediately.
What specific tissue of the stem clearly conducted the Eosin dye?	
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C. Leaf Physiology
You have observed and sketched the leaf cross section and noticed the gas spaces between the mesophyll cells. But how do we know that this is indeed gas space? It really could be water, right? Or maybe both? How might we test this hypothesis? Hint: PV=nRT or V=nRT/P…focus on temperature.
Hypothesis:  The apparent space is really gas, the gas passes through stomata, and there are more stomata in the lower epidermis.
Prediction: If 	
	then the upper epidermis should show:   more    fewer      larger    smaller    bubbles,
	and the lower epidermis should show:   more    fewer      larger    smaller    bubbles,
	when	.
Experiment: Use a pair of tongs to plunge an entire bean leaf completely under water that is almost boiling and hold it submerged.  Observe both leaf surfaces as they are submerged in the water and record your results (hint: think at each surface, the number, the size):
Upper epidermis showed:   more    fewer      larger    smaller    bubbles.
Lower epidermis showed:   more    fewer      larger    smaller    bubbles.
So far, would this be an experiment? 
What would be the suitable control?	
		
Record your observations of the control situation relative to the results above:
Upper epidermis showed:   more    fewer      larger    smaller    bubbles.
Lower epidermis showed:   more    fewer      larger    smaller    bubbles.
Analysis: Do the results agree with the prediction? 
Decision:  The hypothesis: 
We know now that the leaf contains gas. If that is true, then a piece of leaf placed in water should float. Take apart the two syringes. Use the hand punch to punch out some green 8 mm leaf discs (complete circles!) from the dark green blade of a Begonia x benariensis leaf. Place ten discs into each of the syringe bodies. Gently tap them toward the tip of the syringe body. Insert the plunger and expel most of the air. Hold the tip in a container of bicarbonate buffer [4.5 g K2HPO4 + 4.5 g KH2PO4 + 1.0 g NaHCO3 per L] and back off the plunger to fill the syringe with about 8 cm of buffer. Tip the syringe body and stand it on the table on its plunger with the tip up. Make sure the discs do not stick to the rubber plunger tip or the walls of the syringe by jostling the syringe a little bit.
Do the leaf discs float?   Yes    No    What is the gas that floats them?	
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How might we remove this gas and sink these leaf discs without “cooking” them? Hint: V=nRT/P but focus this time on pressure.
Hold the syringe body in your anti-dominant hand and use your dominant hand to push all of the gas out of the syringe body. Press your anti-dominant thumb firmly over the syringe tip and keep it sealed! Use your dominant hand to back off the syringe plunger by several centimeters to provide a partial vacuum. Swirl the discs, keeping the syringe sealed, the plunger pulled back, and the vacuum strong! This will dislodge air bubbles from around the discs.
Release the partial vacuum and immediately push out any gas so that the discs are forced to take in buffer to replace the lost air. Because buffer is far more viscous than air, you need to wait a few moments to allow some or all of the discs to sink. Reapply the vacuum as needed until all the discs are sunk. Be patient!
We have used two methods to show that the leaf discs held a gas. But we have also proposed that a leaf carries out photosynthesis and this process produces a gas.
Which one?	
How might we test whether the leaf discs can carry out photosynthesis in their mesophyll and accumulate that gas. Hint: oxygen is quite insoluble in water and buffers; but carbon dioxide is quite soluble in both.
Hypothesis:  The leaf carries out photosynthesis.
Prediction: If 	,
	then	,
	when sunk in ____________________ buffer and placed in 	.
Experiment: Place one syringe body with buffer and sunken leaf discs 15 cm away from the LED lamp. Be sure the leaf discs are well-illuminated inside the syringe. The control syringe should be put at the same distance from the lamp, but cover the tip of the syringe with the black film can; be sure the volume in the syringes allows the film can to obscure the light from the leaf discs inside the control syringe. Record the time for all the discs to refloat in the light, put the film can over the lighted syringe, and immediately count the number of discs that floated in the dark control.
	Minutes elapsed for the last lighted disc to refloat: ______
[bookmark: _GoBack]	Number of leaf discs refloating in the dark control at that moment: ______
	Place and leave the film can over the syringe with the refloated discs and observe periodically…
	Do the discs refloated in the light eventually sink in the dark?   Yes      No  
	What process in the leaf discs caused them to sink without vacuum?	
Analysis: Do the results agree with the prediction? 
Decision:  The hypothesis: 
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Writing Assignment: Optical Spectra of Bean Leaf Pigments
Place ten 8-mm diameter discs of Roman bean (Phaseolus vulgaris) primary leaf tissue in a 13x100 mm culture tube. Add 5 mL of ethanol using the 3 mL transfer pipette. Use the test tube holder to heat the alcohol in a hot water bath (~90°C) to extract the leaf pigments. Watch the alcohol carefully as ethanol boils at a lower temperature than water. One-minute of simmering is all that you need. Decant the green alcohol extract into a clean 13x100 mm cuvette. The leaf discs should look white and the extract should be a medium green color. Check to be sure you still have a tube that is at least half-full; if it is not, then add more to match the depth of alcohol in the calibration [=blank] tube!
Warm up a Bausch and Lomb Spectronic 20 Spectrophotometer for at least 5 minutes.
Use a Kim-wipe to clean any finger prints from the calibration (blank) or sample tubes as needed.
1. Set the range lever and the wavelength to the indicated value using the top knob.
2. With the chamber empty, blank (zero) the instrument to 0%T using the left knob.
3. Insert a blank tube (5 mL ethanol), calibrate the instrument to 100%T using the right knob.
4. Insert the cuvette of leaf pigment extract and record the measurement accurately.
Repeat the numbered steps above for each wavelength.
	Be sure the filter lever is to the left!
	
	Move the filter lever to the right!

	Wavelength (nm)
	%T and Abs.
	
	Wavelength (nm)
	%T and Abs.

	400
	—
	
	600
	—

	420
	—
	
	620
	—

	440
	—
	
	640
	—

	460
	—
	
	660
	—

	480
	—
	
	680
	—

	500
	—
	
	700
	—

	520
	—
	
	Use a BioRad UV/Blue penlight to excite pigments.

	540
	—
	
	Record any fluorescence emissions…

	560
	—
	
	…in the intact leaf
	

	580
	—
	
	…in leaf extract
	


Create a double-y scatter plot using the skills that you have learned in this course. Be sure it is Biology professional and not Excel cute. Select the symbols, on the line option set a smoothed line (checkbox at bottom of dialog) to connect the data points to show the absorption () and transmission ( ) spectra for your alcohol leaf pigment extract. Maybe one should have a dashed line to go with its symbols (markers). Hints:  set  Marker Border Join type to miter, add outside tick marks to axis scales;  turn off marker shadows. Think about why you would not do a linear or exponential regression on either set of points! Write a proper caption for Figure 1. In Word, write a Title, Author, Partners, Materials and Methods section and a Results section to accompany the figure. This is not an experiment, so the title does not include “The effect of…” but it might otherwise use a similar format! Staple the pages in order, with the staple placed carefully in the upper left corner so it can be opened and read.
Before handing in this worksheet, be sure to detach this sheet and keep it in your notebook to work on your writing assignment while the worksheet is being graded by your instructor! 
This page is not graded
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