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LABORATORY SCHEDULE

Fall semester, 2009

Lab Month Day Subject
1 Sept. 15, 16 Introduction to the plant body
2 22,23 Plant cells
3 29, 30 Analysis of plant genes
4 Oct. 6,7 Meristems, growth, & differentiation
5 13, 14 Ground tissues
6 20, 21 Vascular tissues
7 27, 28 Epidermis
8 Nov. 3,4 Anatomy of stems
10, 11 Veteran’s Day, labs do not meet
9 17, 18 Anatomy of leaves
10 24, 25 Anatomy of roots
11 Dec. 1,2 Vascular cambium
12 8,9 Secondary growth



LAB 1 - INTRODUCTION TO THE PLANT BODY
Introduction

Your objectives for this first laboratory are tQ:l&éarn how to section plant tissue and examine
the sections with the light microscope, 2) recasdryobservations as labeled drawings, 3) begin
to distinguish the cells that compose the tissdiasems, roots, and leaves, and 4) review the
terminology used to describe the structure of seszbllings and growing plants.

It takes practice to make good free-hand sectiomghich you can distinguish the features of the
various cells. Your ability to see these featurédsalso depend on proper adjustment of your
microscope, particularly the condenser. Your ladtrirctor will evaluate your sectioning and
microscope technique and offer suggestions.

Prepare your drawings for this and most other tab§X8” index cards as explained on pp. 9-
11. Preparing the cards will help you organizeitii@mation presented in lab. Use the terms in
boldface typeas a guide for deciding which structures to labee completed cards will help
you review for quizzes and exams.

A tissueis a group of cells organized into a structural Amctional unit. Plant tissues are
grouped into three tissue systems. @kremal tissue systemwhichcovers the entire plant
surface, protects the plant and regulates the dibmaterials between the plant and its
environment. The&ascular tissue systenmwhich consists of an arrangement of veins, moves
water and nutrients within the plant. T¢p@und tissue systentills the space between the
dermal and vascular tissue and serve a varietyraftions including support, photosynthesis and
storage. When you finish this exercise, you shtweléble to identify dermal, vascular and
ground tissue in stems, roots, and leaves. Youldladso gain a sense of the continuity of these
tissues throughout the plant. You will see thatdbemal tissue forms a continuous protective
covering from roots to leaves. The continuity o trascular tissue throughout the plant is
necessary for transport of water from the roothéleaves and sugar from the leaves to the
roots.

Part 1 — Terminology review

Examine soaked bean seeds, seedlings and matur@laess. Identify each of the structures
listed below. Finally, label each structure ondiegrams on page 5.

simple leaf axillary bud tap root plumule
leaf blade compound leaf lateral root hypocotyl
petiole leaflet root apex

leaf vein node embryo

midvein internode cotyledon

axil shoot apex radicle



Part 2 — Plant tissues

Refer to the instructions for free-hand sectiorongpage 7. Make several cross-sections from
the stem of your bean plant, stain with toluiditgéehand prepare a wet mount. Look at your
stem sections under the microscope and identifptibermost layer of cells. This is the
epidermis, a type of the dermal tissue. Just inside theegpids,vascular tissuedorm a ring of
bundles. Thground tissuesform thecortex (between epidermis and vascular bundles) and the
pith (center of stem).

Card 1-1: Prepare a pie-slice drawing of a bean stem crag®adrefer to instructions on page
9-11). Label the tissues.

Make free-hand cross sections of the root of yaanbplant and stain and mount them. Using
the compound microscope, identify the tissues. ldoes the arrangement of the tissues differ in
stems and roots?

Card 1-2: Prepare a pie-slice drawing of a bean root cressa. Label the tissues.

Make free-hand cross sections of a bean leaf yngaa piece of it between two blocks of
carrot root. Stain and mount your sections. Usimggdompound microscope, identify the tissues.
Which type of tissue composes tkaf veins?

Card 1-3: Prepare a drawing of a bean leaf cross sectiorelltab tissues.

Plant cell types differ in (1) size, (2) shape, €8l wall thickness and composition, and (4)
characteristics of the protoplast. How many differeell types can you find in your sections? On
the back of each card, list the cell types you fithin each tissue system. Use the names of the
cell types if you remember them from BIO 102. Ottise, list the characteristics of each cell
type (i.e. 1-4 above) that distinguish it from athe






USE OF THE OLYMPUS CX31 MICROSCOPE

Before plugging in/turning on the microscope, maksure that:
themain switch is turned off
thelight intensity control is at the lowest setting
the 10X objectiveis in place

Cleaning lensesTake care to keep eyepiece and objective lensas clf you think the lenses
on your microscope need cleanipigase ask your TA for assistance



Using the Olympus CX31 microscopéstep numbers are indicated on the previous page)

*Detailed instructions for steps 6-9 can be foundize next page.

When you are finished using the microscope, make mithat:
your slide is removed
thebrightness controlis turned to the lowest setting
themain switch is turned off






SECTIONING PLANT MATERIAL

Note: Dispose of slides in the sharps disposal contaidispose of leftover stains in the
chemical waste bottle.

Materials:

. Razor blades

. Forceps and plastic drinking straws cut at agieato use as spatulas.
. Spot plate for staining.

. Clean slides and coverslips.

. Toluidine blue (0.05% aqueous) and other stasnisecessary.

. Finger bowl with water and paper towels.

. Dropper bottle containing water.

. Kimwipes.

O~NO U, WN B

Procedure:
1. Sit comfortably with your forearms resting oe thench and your elbows close to your sides.
Hold tissue between your thumb and forefinger.

2. Wet razor blade, fingers and tissue with watemfthe finger bowl. Water should drip from
your fingers during sectioning.

3. Cut the tissue quickly and smoothly in the pldasired. Now section slowly by drawing the
razor blade toward you in a smooth slicing motite; razor should rest on the tip of your
thumb. Use your thumb to control the thickness evehness of the sectiofis takes

practice. Concentrate on getting very thin portions of s@®etions. It is not necessary to obtain
complete cross sections.

4. Transfer sections to a water-filled depressiothe spot platbefore they dry. Do not dull the
razor blade by touching it to the spot plate; usearyspatula.

5. Transfer sections to a depression containingdiole blue and stain for 15 seconds. Do not
use stain that has evaporated and begun to pegeipit

6. Rinse sections in a depression containing water.

7. Mount sections on clean slides in a drop of wate apply the coverslip, hold it at an angle
and touch the water drop with one edge. Lower twerslip slowly to avoid air bubbles. Semi-
permanent mounts can be made by fixing tissue asphate-buffered glutaraldehyde, mounting
in glycerol jelly, and sealing the coverslip withihpolish.



CYTOCHEMICAL STAINS

General staining

1. Immerse sections in toluidine blue solution HO4in water) for about 15 seconds.
2. Transfer to water.

3. Mount in water.

Starch

1. Immerse sections in IKI solution (2% potassiaaide, 0.2% iodine in water) for about 15
seconds.

2. Transfer to water.

3. Mount in water.

Protein

1. Immerse sections in amido black solution (1%% acetic acid) for about 1 minute.
2. Transfer to 7% acetic acid.

3. Transfer to water.

4. Mount in water.

Lipids

1. Immerse sections in Sudan Il or Sudan IV sohlufisaturated solution in 70% ethanol--about
0.1%) for about 1 minute.

2. Transfer to 70% ethanol.

3. Transfer to water.

4. Mount in water.

Lignin

1. Immerse sections in phloroglucinol solution @sated solution in 20% HCI--about 0.1%) for
1-2 minutes.

2. Transfer to water.

3. Mount in water.

Callose(sieve plates)

1. Immerse sections in IKI solution (see starchvahdor 2 minutes.
2. Transfer to water.

3. Transfer to aniline blue solution (0.1% in wafer five minutes.
4. Transfer to water.

5. Mount in water.
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ANATOMICAL DRAWINGS

“Why do | have to do all of these drawings?” Thiggtion has entered the mind of every plant
anatomy student. This section explains the purpbs@atomical drawings and helps you
prepare drawings that record your observationcediy.

So, why drawings?When you make anatomical drawings, you developrsggkills including
the ability to:

A. interpret complex information,

B. identify diagnostic features that distinguishang similar structures, and

C. represent and communicate this informationsaal form.
These skills have applications in many fields. Yeoployer will probably never ask you about
the difference between a tracheid and a vessel merbt he or she may well ask you to
examine a complex problem, identify the importapings among a confusing array of details,
and present your analysis to coworkers. Sound farfil

Easy steps to better drawingsThe purpose of a drawing is to convey informatiast to your
lab instructor who will evaluate whether you undeos the specimen you were asked to draw,
and then to yourself as a record of what you veka to recognize when you take exams. A
useful drawing includes just the right amount diadleYou can accomplish this by using the
following steps to plan your drawings.

1. Select the magnification and field of your dmagvaccording to what you are asked to
illustrate. Given the very same prepared slide, pight be asked to illustrate:

A. acell type,

B. an arrangement of cells within a tissue, or

C. an arrangement of tissues within an structure.
The resulting drawings should be very different.

2. Include details that distinguish the subjectrfrother similar structures. Given the
assignments in A-C above, your drawings might sghed as follows:
A. Include details of individual cells (a brachieid should look different from an
astrosclereid).
B. Draw outlines of individual cells with enoughtdil to distinguish among cell types.
C. You may not need to draw individual cells &tlékhe point is to show how vascular
bundles are arranged in a stem, you need onlyneubioundaries of vascular bundles.

3. Represent form, proportion, and spatial refeiops accurately.
4. Use insets when information at more than owel lef organization must be conveyed.

5. Label distinguishing features.

11



Examples: Three drawings based on a cross-sectidretiinthusstem.

Photograph of a cross sectionHelianthusstem (c.s.). Mag. 50X.

1. Draw a diagram to illustrate the structure 2. Draw a diagram to illustrate the
of collenchyma cells iielianthusstem. arrangement of vascular bundles in
Helianthusstem

Cell
«— wall

/ Lumen

3. Draw a diagram to illustrate the cell types
found in the vascular bundestdélianthus
stem.

v

Sieve tube member

v

Vessel member
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Lab assignments:

Prepare drawings for 311 labs on 5X8” note cardisguhe following format:

Card number: 1-2 Name: Botany Bob
Date: 9/12/09 Lab section: 02

Vascular bundles iklelianthusstem

Sometimes you will be asked to answer questiorth®mack of the card.
Cards will be graded on the following criteria:

Is the subject shown at an appropriate magiéin?
Is the context clear?

Is the level of detail appropriate?

Are the appropriate structures labeled?

Are questions answered correctly?

arwnE

Cards will be returned promptly so that you canthsen for studying.
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LAB 2 - PLANT CELLS
Introduction

To understand the structure and function of plssues, you must first understand the structure
and function of the cells that compose them. Muchttat we know about cells has been learned
using biochemical techniques and electron microgcopese topics will be covered in lecture.
This lab focuses on the aspects of plant cell &iredhat can be observed with a light
microscope. Light microscopy has a very importaivasmtage over electron microscopy, namely
the light microscope can be used to obséwmeg cells. The disadvantage of the light
microscope is that the resolution can never beeb#tan 0.2im. After completing this lab you
should have a better understanding of the dynaatiare of cells. You will also be introduced to
some of the variation in structure found among péatis.

Part 1 - Plant cells in motion

Remove a stamen from a flowerTfadescantiaor Rhoeo(onion epidermis may be used if
flowers are not available). Notice the fine whitgrk on the filament. Remove the anther and
make a wet mount of the filament. Examine the stah@rs using the compound microscope.
Each stamen hair is composed of a file of celleusaarefully on a single cell and notice the
largenucleus If you watch the cytoplasm carefully you shoute small particles moving in a
process calledytoplasmic streaming Cytoplasmic streaming is driven by the same jmete
that are responsible for muscle movemantin andmyosin. The moving particles are coated
with myosin, which moves them along cables of assimg energy derived from ATP. Try to
remember the movement that occurs in living platisas you look at prepared slides
throughout the semester.

Card 3-1: Draw a stamen hair cell and label the nucleusypisism, and vacuole.
Part 2 - Plastids

Plastidsare derived fronproplastids, the self-replicating organelles found in merisa¢im

cells. The most familiar plastid is the chlorophgtintaining photosynthetic organelle the
chloroplast. Other types of plastids includdromoplasts which contain red, orange or yellow
carotenoid pigments araiyloplasts which store large amounts of starch. The led$ adl
plants that have germinated in the dark congéimplasts which develop into chloroplasts as
soon as the leaves are exposed to light.

Chloroplasts: Make a wet mount of isolatedinnia mesophyll cells and examine it with the
compound microscope. The green, disk-shaped badieshloroplasts.

Amyloplasts: Embryos often contain large amounts of storeccktalVhy? Examine a prepared
slide of Sagittariamature embryo and identify starch grains. Eachlaptgst contains several
starch grains, but the boundaries of the organelesisually not visible with the light
microscope.
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Card 3-2: Draw and label comparative diagrams of chloropl&nnia), and amyloplasts
(Sagittarig.

Chromoplasts: Make wet mounts of slices of green and red peppérs plastids in the green
pepper are chloroplasts, but the chloroplasts Hdferentiated into chromoplasts in the red
pepper. The red-orangarotenoid pigments in these plastids drgdrophobic (lipid soluble).

Card 3-3: Draw and label diagrams of cells containing chltaisis and chromoplasts in green
and red peppers, respectively.

Part 3 - Vacuoles:

Vacuolar pigments: In contrast to chromoplastgcuolescontainanthocyanin pigments,

which arehydrophilic (water soluble). Peel a piece of epidermis off oéd onion bulb or a
Tradescantideaf and prepare a wet mount. The red-violet pigigou see are contained within
the vacuole. In addition to containing pigments atiter materials, vacuoles function similarly
to the lysosomes of animal cells.

Tannins: The vacuoles of some cells accumulate phenolistanbes callethnnins. These
compounds complex with proteins (the basis forrtability to tan leather) and help protect
plants against insects and pathogens. Examinepanae slide of pine leaf an identify the red-
staining tannin cells

Card 3-4: Draw and label comparative drawings of cells witjnpented vacuoles
(Tradescantiaand vacuoles containing tannins (pine leaf).

Crystals: Some cells accumulate crystalline calcium oxalatéeir vacuoles. Calcium oxalate
crystals inhibit predation and may serve a calcatonage reservoirs. Crystalline materials are
best viewed with polarized light. Use polarizinlgeiis to examine a wet mount 8anseveria
stem. The needle-like crystalsraphides are responsible for this plant's common name "dumb
cane." If the plant is eaten, the crystals lodggétongue causing it to swellruse crystals can
be identified in sections @egoniapetiole.

Card 3-5: Draw and label comparative drawings of cells waphide crystalsSanseveripand
druse crystalsBegonig.

Part 4 - Cell walls

Growing plant cells produgarimary cell walls composed predominantly pblysaccharides
Some cell types producesacondary cell wallthat may become impregnated with an aromatic
polymer calledignin. Cells with primary cell walls and those with lified secondary cell walls
can be observed in the flesh of pear fruit. Obsagmall piece of pear flesh and place it on a
slide with a drop ophloroglucinol (Caution: the phloroglucinol is dissolved in 20%IH Place
a coverslip over the material and press gentlyptead the cells. Examine the slide with the
compound microscope. The phloroglucinol reacts Vigghin to produce a red color, staining
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only cells with secondary cell walls. The cellsttappear unstained have only primary cell
walls. Save this slide! You will be asked to lodktagain in the next section.

Card 3-6: Draw a diagram that distinguishes cells with priynzell walls only from those with
secondary cell walls.

Part 5 - Intercellular connections

PlasmodesmatacCells with primary cell walls are connected to amether by channels called
plasmodesmatawhich perforate the primary cell wall. These afels are lined with plasma
membrane and they contain cytoplasm. Plasmodesarataten clustered in thin regions of the
cell wall known agprimary pit fields . Plasmodesmata are not visible with the light oscope,
but they can be seen in electron micrographs.

Simple pits: Connections between cells with secondary cell waakscallegits. These are areas
where secondary cell wall material is not deposstednly the primary cell wall quit

membrane separates the cells. Unlike the plasmodesmataided@above, pits do not contain
plasma membrane or cytoplasBimple pits are visible in the sclereids of pear. Take another
look at the slide that you stained with phloroghatiand note that the channels are continuous
from one cell to another. Now examine a preparel sif pear fruit in which simple pits are
visible in face view and in side view.

Card 3-7: Draw diagrams to illustrate simple pits in facewiand in side view. Label the
secondary cell wall, cell lumen and simple pits.

More complex pits calledircular bordered pits can be examined in sections of pine wood (see
radial section for face view, tangential sectiondme view).

Card 3-8: Draw labeled diagrams to illustrate circular boedkpits in face view and in side
view.
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LAB 3 — ANALYSIS OF PLANT GENES
Introduction

When trying to determine the functions of indivitlganes, biologists often analyze gene
sequences and the patterns of gene expressidns lialb, you will be introduced to a few of the
methods biologists use to study gene function.

Part 1 — Analysis of Gene expression

The DNA of every cell in a plant contains all oéthgenes required for the development and
function of the entire plant. However, individualls express(i.e. transcribe and translate) only
a subset of these genes. In this exercise, yolewdlinine gene expression in two lines of
Arabidopsisplants that have been transformed with the @Gfforter gene (see below). In each
line, the GUS gene is linked to theomoter for a different cellulose synthase genésg/8 or
CesA) to make gromoter::reporter construct. In each transformed plant, the promoter
attached to the GUS gene is activated along walptbbmoter for the corresponding cellulose
synthase gene. When incubated with the substrajié-theb-glucuronidase enzyme encoded
by the GUS gene produces a blue color so you camwkere the promoter is active.

Information on the expression 6es/A andCesA has been important for understanding the

function of these two genes. TBesAgenes encode the enzymes that make cellulosgoa ma
component of cell walls. During this lab exercigey will investigate whether the cell walls of
different types of cells are made by the same fteréint cellulose synthases.

Plant Cellulose [ W] i

Synthase gene
y g Promoter

Bacterial | [ GUSreporter |

GUS gene Makes a blue product

Splice regulatory regiorptomoter) from plant gene
with a gene making visible productporter)

Promoter:Reporter [ i 1 I | INGUSHEpOMEHN |

contruct

Plant Bacterial Put the spliced gene back
Promoter Reporter in the plant {ransformation)
to see where it is expressed.
Procedure

Working with a lab partner, do the following:

1. Obtains 3 vials containing the GUS reation om@tand label them “WT” for wild-type (a
control) and CesA::GUS” and CesA::GUS” for plants transformed with the
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promoter::reporter constructs. The GUS reactiortumecontains the x-gluc sbustrate, a buffer,
and an oxidative catalyst. The follow reaction sgé&ace in cells that express the GUS gene:

GUS Oxidation
X-gluc X- X-X
(colorless) (colorless)  (blue)

2. Add tissues from the different plant lines (WesA::GUS,CesA::GUS) to labeled vials.
These may include: (1) two seedlings, (2) a maeag and (3) a young leaf. Incubate atG37
for 1 hour.

While you are waiting, examine the Arabidopsis paand seedlings and quiz your lab partner
on the terminology you reviewed during the firdi.lelow doedArabidopsisdiffer from bean?

3. Use a pipette to remove the GUS reaction mexéund discard in the appropriate waste bottle.
Replace with 70% ethanol. The ethanol removes ohloyll to allow you to see the blue reaction
product.

4. Examine the leaves and seedlings from eachiascribe the location of the blue reaction
product. Is it found in leaves? Stems? Roots?fuind in dermal tissue? Vascular tissue? Other
tissues? Is it found in mature parts of the plamiature parts of the plant? Is it found in the
wild-type plant?

5. Based on your observations, describe potefutigtions of theCes/B andCesAr genes.
Part 2 — Gene sequence analysis

One way to obtain the DNA sequence of a gene imgbla a particular process is by mutation
analysis. After selecting mutant individuals wititbaresting phenotypes, biologists map the
mutant gene and determine its DNA sequence usawganated sequence analyzer. The output
of the sequence analyzer is a text file contaiamyicleotide sequence. To obtain information on
the function of the gene, the nucleotide sequesicernpared to the sequences of genes of
known function that have been deposited in a da@b#n this exercise you will compare an
unknown DNA sequence to sequences in the GenBaabalkse to see what you can learn about
potential functions of the gene represented bytia@own sequence.

Procedure

1. You will receive an unknown DNA sequence asxa file.

2. Access the GenBank database from the followiRdy: http://www.ncbi.nlm.nih.gov/
There’s lots of information here, so take a loodusd!

3. Your TA will show you how to navigate the dedab and run a BLASTX search.

4. Explain what you learned about potential fumrsi of your unknown gene.
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LAB 4 - MERISTEMS, GROWTH, AND DIFFERENTIATION
Introduction

In this lab you will learn about the organizatiarddunction of the apical meristems of roots and
shoots. Before you get started, some clarificatibterminology is in order. The ternstoot

apexor root apexrefer simply to a tip of a shoot or root and imptydiscrete boundary. An
apical meristemis a discrete group of cells that divide in anamiged manner, thus establishing
the pattern of the apex and supplying cells tadsé of the meristematic region. Finaliyitial
cellsare cells that divide to produce (1) a cell thays in the meristem and (2) a cell that is
added to the plant body.

Part 1 - Dissection of the shoot apex

Use modeling clay to mount &lodeashoot apex under the dissecting microscope. While
observing with the microscope, remove the leava® fihe shoot apex. Eventually you will
uncover thepical meristemsurrounded by tinjeaf primordia. Notice the orderly

arrangement of leaf primordia around the apicalistean. The shoot apical meristem forms cells
basipetally to increase the length of the stemlatedlally to produce leaves. Compare the three-
dimensional shoot apex with a prepared slide ohgitudinal section of thElodeashoot apex.

As you examine prepared slides, remember thatithet @ipex is three-dimensional and
constantly changing. An apical meristem retainsral@ organizationover time, but the
population of cellof which it is composed changes constantly.

Card 4-1: Draw diagrams of living and sectioned shoot tipElodea Label apical meristem
and leaf primordia.

Part 2 - Organization of the shoot apical meristem

The shoot apical meristems of different plants vargize, shape, and organization. You will
examine two distinct types today, but there areyraher variations.

The apical meristems of the seedless vascularpl(ard. ferns) feature a singatial cell,

which provides the precursors for all other ceflthe meristem. Examine the prepared slide of
the shoot apex dquisetumand identify the initial cell. Refer to your lectunotes to review
how initial cells function.

Card 4-2: Draw a labeled diagram of &guisetunrshoot apical meristem.

The shoot apical meristems of angiosperms are owrmplex in structure and function than
those of seedless vascular plants. Examine a @ géide ofColeusstem tip and notice the
layered structure of the apical meristem. The ombst layersl(1 andL2) consist of cells that
divide in ananticlinal orientation (perpendicular to the surface). The cell$8fcan divide in
any orientation. Each layer includes its owitial cells. Now distinguish the zonesédntral
zone peripheral zoneandrib zone) within theColeusshoot apical meristem. Which zone
contains the cells that function as initial cells?
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Card 4-3: Draw two diagrams ofoleusshoot apical meristems, one to illustrate L1, bd &3
and another to illustrate the zones. On the bat¢ketard, describe the functions of each of the
layers and zones.

The pattern of initiation of leaf primordia determas the pattern of leaf arrangement
(phyllotaxy) in the mature plant. Compare the shoot ape2ad¢us(which has opposite leaves)
with that ofGinkgo(which has alternate leaves).

Card 4-4: Draw comparative drawings of shoot tips from anplaith opposite leavepleus
and a plant with alternate leav&airfkgo.

Part 3 - The root apex

Examine the root apex of water hyacintiZebrinaand note the prominemot cap. In contrast
to the shoot apical meristem, the root apical nemsforms cells apically as well as basipetally.
This type of organization is necessary to suppllg ¢e the root cap, which constantly sloughs-
off cells as the root penetrates the soil. Anoth#erence is that the root apical meristem does
not produce lateral organs. Instead, lateral rante from deep within mature regions of the
root. Note that there are no lateral roots in #ggan just above the root cap.

Card 4-5: Draw adiagram of a root apex and label the root cap ateadl roots.
Part 4 - Organization of the root apical meristem

As with shoot apical meristems, the organizationoot apical meristems varies among taxa.
You will examine two examples.

The root apical meristems of seedless vasculatplave a singlmitial cell as does the shoot
apical meristem. In addition to several basipet#ig faces, the roanitial cell has one cutting
face directed distally that contributes cells te thot cap. Study a prepared sliddBotrychium
root.

Card 4-6: Draw a diagram of Botrychiumroot tip. Label the initial cell and root cap.

Like shoot apical meristems, the root apical menst of flowering plants are more complex
than those of seedless vascular plants. Examingrépared slide afearoot tip and note the
boundary between the root cap and the rest ofabie The outermost layer of the root tip itself
will become the epidermis of the root. Now identifig developing vascular tissue in the center
of the root. Where the vascular tissue meets thadeary between the root and the root cap,
there is a small group of cells call theiescent center Surrounding the quiescent center are the
initial cells that produce the cells of the roop capidermis, vascular tissue and cortex.

Card 4-7: Draw a diagram of Zearoot tip and label the root cap, vascular tisggpédermis,
cortex, quiescent center and initial cells.
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Part 5 — Tissue differentiation

As cells derived from the apical meristems begim#dure they become specialized for
particular functions; that is thejifferentiate. Differentiation leads to the formation tissues
Themeristematic cellswithin the root and shoot apical meristems loakilsir to each other. As
the cells produced by the apical meristems diffegaés they become distinct in appearance.
Cells in the process of becoming vascular tissaevare elongated than surrounding cells and
are calledpbrocambium. The surface cells covering immature parts ofptla@t will give rise to
the dermal tissue and are calf@dtoderm. Examine the prepared slidesZdaroot apex,
Coleusshoot apex an@apsellaembryo and identify procambium and protoderm

Card 4-8: Draw diagrams and label the differentiating tessinZearoot apexColeusshoot
apex, andCapsellaembryo.
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LAB 5 — GROUND TISSUES
Introduction

This lab focuses on tlground tissuesthat fill the space between the epidermis andréseular
bundles. These asmple tissuesconsisting of a one cell type. Their functions direerse and
include support, storage and photosynthesis.

Part 1 - Classification of ground tissues

The ground tissues are classified in three gromphe basis of cell wall thickness and
composition.

Parenchymatissuesare composed of cells that have thin primarywalls.
Collenchymatissuesare composed of cells with unevenly thickened princell walls.

Sclerenchymatissuesare composed of cells with thick secondary cellsyalften
containing lignin. The protoplasts often die agsmhchyma cells mature.

Cell wall thickness can be determined easily whth tnicroscope, but stains are needed to
determine the cell wall composition. In lab 2 yaedphloroglucinol to stain lignified cells. As
a review, make a section of pear flesh, stain pitloroglucinol, and note the position of
sclerenchyma cells. Phloroglucinol stains onlyifiga cells, so it is helpful to see how
sclerenchyma stains with the more generalized stairdine blue. Stain some pear flesh with
toluidine blue and note the color of the scleremchycells that you identified with
phloroglucinol. Prepared slides have been stainddavcombination o$affranin and fast
green What color does lignin stain with this combinatto

Card 6-1: Sketch color-coded drawings of pear flesh staimiglal phloroglucinol, toluidine blue,
and saffranin/fast green and identify sclerenchgels and parenchyma cells.

Part 2 - Parenchyma

Among the types of ground tissues, parenchyma dieduhe greatest diversity of structure and
function. Whereas collenchyma and sclerenchymatiiuman support, parenchyma may function
in photosynthesis, storage, secretion or a vaaetgore specialized tasks. In this section you
will examine several types of parenchyma tissues.

Chlorenchyma, parenchyma tissue specialized for photosynthissigsh in chloroplasts.
Examine the prepared slide lafjustrumleaf. The closely packed cells below the upper
epidermis are a type of chlorenchyma capjatisade mesophyll Chlorenchyma also occurs in
green stems, unripe fruits (like the peppers yauisdab 2) and some aerial roots.

Aerenchyma, parenchyma tissue specialized for gas exchas@barracterized by large
intercellular air spaces. Examine the preparec sid.igustrumleaf once more, this time
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concentrating on thgpongy mesophyllocated between the palisade mesophyll and therlow
epidermis.

Card 6-2: Draw a diagram of higustrumleaf and label chlorenchyma and aerenchyma.

Aerenchyma is especially well developed in aqualtints, where it functions in both floatation
and gas exchange. Examine aerenchyma in the folgpplants: INymphaegwater lily) leaf,
2) Juncus(bullrush) leaf , 3) Water hyacinth petiole, anndyriophyllumstem.

Card 6-3: Draw diagrams to illustrate different arrangemeaftaerenchyma. What features do
all aerenchyma tissues share? What features dissimglifferent types of aerenchyma?

Storage parenchymamay store starch (in amyloplasts), oil (in oil Esdor plastids), protein (in
protein bodies or cytoplasmic granules), hemicedfial(in cell walls), or water (in vacuoles).
Prepare specimens as described in the table below.

Card 6-4: After examining each specimen, complete the tapleléntifying the storage product
(e.g. starch, protein, etc.), the storage compantifeeg. vacuole, cell wall etc.), and the
appearance of the stored material (e.g. color and)f

Tissue Preparation Storage product Storage | Appearance
compartment

Bean cotyledons| Stain with IKI

Bean cotyledons| Stain with
naphthol blue
black

Avocado fruit stain with Sudan
AV

Jade plant leaves Free-hand
section

Persimmon Prepared slide
endosperm
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Theendodermisis the innermost layer of the root cortex and & iaf cells characterized by a
Casparian strip. This band of suberin blocks the apoplastic fldwvater into the vascular
tissue of the root. Identify the endodermis inpinepared slide dPyrus(pear) root.

Card 6-5: Draw a diagram of the endodermis fr&iyrusroot. Label the features that distinguish
this tissue from others.

Part 3 - Collenchyma

Collenchyma tissue consists of elongated cells wiigvenly thickened primary cell walls. The
walls of collenchyma cells are rich in hemicellland pectin, but contain no lignin. Layers of
cellulose microfibrils in the walls alternate beemdongitudinal and transverse orientations. The
resulting plasticity of collenchyma cell walls prdes flexible support. Thus, collenchyma
usually occurs in bundles in regions that are gngwsuch as young stems, or that must remain
flexible after growth ceases, such as petioles.

Card 6-6: Examine collenchyma frofBucurbita(squash) stems and celery petioles and draw
examples of each.

Part 4 - Sclerenchyma

Lignified secondary cell walls and an empiyen (resulting from death of the protoplast)
characterize sclerenchyma cells. Since lignifiezbadary cell walls are rigid, sclerenchyma is
suited for support in mature non-growing tissues @y function in protection as well. Types
of sclerenchyma cells includers andsclereids Fibers are typically long and thin, and occur
in bundles. These cells are the source of comnigaiaat fibers such as those derived from
Cannabis(hemp). Sclereids occur in a variety of shapessarek. Examine the following types
of sclerenchyma: rachysclereids(Hoyastem), 2)astrosclereids(Nymphaedeaf), and 3)
fibers (Cannabisstem).

Card 6-7: Draw diagrams to illustrate the differences betwieathysclereids, astrosclereids
and fibers (cross and longitudinal sections). Labelsecondary cell wall, lumen and pits.

Seed coats often consist of several layers ofaderLook at the prepared slideRifaseolus
(bean) seed and see how many different types effesds you can recognize in the seed coat.
Also place a drop of macerated bean seed coasbdeaand examine it to see separated
sclereids. The rectangular sclereidsmeerosclereidsand the sclereids that are shaped like dog
bones aresteosclereids.

Card 6-8: Draw a diagram of bean seed coat and label mderests and osteosclereids.
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LAB 6 — VASCULAR TISSUES
Introduction

Thevascular tissuegxylem andphloem) are complex tissues that may contain parenchyma
cells and fibers in addition to conducting cellstiBtissues occur together in bundles that are
continuous throughout the plant. This exercise $eswon the cell-types and organization of the
xylem and phloem.

Part 1 - Cell types of the xylem

The water conducting cells of the xylem are knoWlectively astracheary elements

In addition to tracheary elements, the xylem of hpdants containparenchyma cellsand

fibers. Examine a prepared slide 8dmbucugelderberry) stem. Identify the xylem tissue aisd i
component cell types. What characteristics disistythese cell types?

Card 7-1: Draw a diagram ofambucusylem and label the cell types.
Part 2 - Development of primary xylem

Tracheary elements are characterized by intricgatterned lignified secondary cell walls that
are necessary to prevent collapse of the conduttibes. Remember that lignified secondary
cell walls are rigid. As a result the trachearynaats that mature in elongating tissues
(protoxylem) deposit secondary cell walls in patterns théitatow the cells to stretch.
Tracheary elements that mature after elongatiorceasedrfietaxylem) deposit secondary cell
walls in less extensible patterns.

Separate a few vascular bundles from boiled petiofeelery, stain with toluidine blue, and
squashthem between a slide and cover slip. Identifyhesgey elements withnnular, spiral,
reticulate andpitted secondary cell wall patterns.

Card 7-2: Draw tracheary elements representing each typeanirglary cell wall pattern.
Distinguish between protoxylem and metaxylem.

The relationship between tissue expansion anddtierp of secondary cell wall thickenings is
also evident in leaves. Examine a prepared sligeabared leaf. Note that tracheary elements in
leaves have annular and spiral thickenings andsthrae tracheary elements show evidence of
having stretched. What does this say about théarkhip between tissue expansion and xylem
differentiation?

As a model for the effect of tissue elongation glem vessels, you can stretch the vascular
bundles of banana or dogwood leaf. Break a pieteabiperpendicular to a vein and gently pull
the pieces apart. Mount the resultthgeadsin water and examine with the compound
microscope.
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Card 7-3: Draw labeled diagrams of protoxylem tracheary elets before and after they have
been stretched.

Part 3 — Functional specialization of xylem cell tges

Tracheary elements can be further subdividedvatsel membersywhich are interconnected by
openperforation plates andtracheids, which are connected loyrcular bordered pits. The
open perforations of vessel members allow for fi@e of water. However, the circular
bordered pits of tracheids prevent the spread dfoéisms, which can develop due to water
stress. As a result, the xylem of many plants énatoth vessel members and tracheids.

Fibers in the xylem resemble the fibers in sclerenchyisgue examined in lab 6 in that they are
long, thin, and have a thick, lignified secondaeif wall. However, they differ in pit structure
and evolutionary origin. The fibers in the xylenolsed from tracheids and their slit-shaped pits
are modified circular bordered pitsiber-tracheids, also found in the xylem, can be
distinguished from fibers and tracheids by thecttme of their pits, which is intermediate
between a slit pit and a circular bordered pit.

You can gain an appreciation for the diversity piexn cell types by examining macerations of
wood fromQuercus(oak).

Card 7-4: Draw diagrams of the following cell typdsacheids, vessel memberdibers and
fiber tracheids, and label the following structuresimple perforation plates, circular
bordered pits andslit pits. What are the adaptive advantages of the diffaygas of pits and
perforation plates?

Part 4 - Cell types of the phloem

Sieve tube membersre the sugar-conducting cells of the phloem giasperms. Sap flows
between sieve tube members throsgve plate poregmodified plasmodesmata). Sieve tube
members occur in files, have termisave plateslack nuclei, and are closely associated with
companion cells which play an important role in phloem loadingréhchyma cells and fibers
are also common in phloem tissue. The materialsechby the phloem are precious, and plants
have evolved elaborate mechanisms to prevent lealesglting from injury. Thealloseandp-
protein that you will see plugging the sieve plate pomsied when the plants were prepared
for sectioning.

Sieve tube members and companion cells are reljaasy to recognize iiea maygcorn)

stem. After locating a vascular bundle in the csEssion, find the cluster of thin-walled
unlignified cells. The sieve tube members are |lamg®look empty. The companion cells are
smaller with prominent nuclei. The surrounding ifged cells are fibers. Can you find sieve tube
members and companion cells in the longitudinaiice®e

Card 7-5: Draw diagrams from cross and longitudinal sectionfiustrate the types of cells
found inZea maysphloem. Label each cell type and the charactesistiat distinguish them.
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The stems o€ucurbita(squash) contain large sieve tube members in phlmendles that occur
both on the outsidand on the inside of the xylem (this relatively unusarmangement is called a
bicollateral bundle). Examine cross section€oturbitastem and identify sieve plates and red-
stainingp-protein, which blocks the sieve plates following injuridine longitudinal sections
of Cucurbitaphloem. Sieve tube members can be recognizeddnysileve plates and p-protein
plugs. Also identify companion cells.

Card 7-6: Draw diagrams o€ucurbitasieve tube members in cross section and in lodigiali
section. Label sieve plates, sieve-plate poregamebtein.

Part 2 - Callose

Like p-protein, callose prevents leakage of phl@emtents when a plant is injured by insects or
grazing animals. Callose can be detected usingharblue and fluorescence microscopy or
aniline blue/IKI and bright-field microscopy. Staections of squash stem as directed and
examine for callose using the microscopes available

Card 7-7: Draw a diagram of squash sieve tube members staiitiecniline blue/IKI. Label
sieve plates, sieve plate pores and callose.
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LAB 7 — EPIDERMIS
Introduction

Theepidermis, acomplex tissuecomposed of several types of cells, forms a babeéveen a
plant and its external environment. The epidersigsually just one cell layer thick and forms
when protoderm cells derived from the apical menst differentiate. Its functions are diverse
including desiccation resistance, gas exchangepaeostdction against herbivores and pathogens.

Part 1 - Cell types of the epidermis

Pavement celldit tightly together and secrete a water-repellarticle that reduces water loss
and pathogen invasioBtomatal poresare required for uptake of carbon dioxide in
photosynthetic tissues and their apertures ardatglbyguard cells Other cells of the
epidermis may be specialized as hairrichomes. Prepare an epidermal peel of a leaf from
jade plant and identify the cell types.

Card 5-1: Draw a diagram of the peel as viewed under the comg microscope and label the
cell types.

Part 2 - Pavement cells and cuticle

Pavement cells cover the surface of a plant aneé wamed for their resemblance to paving
stones used for garden paths. Pavement cells lokoplasts and are covered bgudicle that
may be very thick in xeric-adapted plant. Examime prepared slide &duccaleaf and identify
pavement cells and cuticle.

Card 5-2: Draw a diagram of pavement cells with cuticléunccaleaf.
Part 3 - Stomatal complexes

Guard cells control the point of entry of carbon dioxide ahé point of exit of water vapor in
leaves and stems. In most plants, a pair of kidst&ped guard cells surrounds the stomatal pore.
In grasses the guard cells are dumbbell-shapeshrire cases the epidermal cells adjacent to the
guard cells are distinct from ordinary epidermadlscand are termeslubsidiary cells A

stomatal complexincludes guard cells, stomatal pore and subsidiellg. Prepare epidermal

peels of jade plant and corn, mount them in waiied, examine them with the compound
microscope.

Card 5-3: Draw diagrams of stomatal complexes from jadet@ad corn and label the
component structures.

Part 4 — Trichomes and root hairs

Outgrowths of the epidermezalledtrichomes vary greatly in size and complexifgoot hairs
are epidermal cells with simple outgrowths thatoabsvater and minerals from the soil. Corn
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seedlings have been germinated in water to denatastrot hairs. Make a wet mount and
examine them with dissecting and compound microssop

Card 5-4: Draw a diagram of a corn seedling with root hairs.

Plants have a wide variety of specialized trichankesmmine the leaf surfaces of the plants
provided with the dissecting microscope. Then ngkdermal peels to examine with the
compound microscope. Trichomes on leaves and steaggeduce water loss and/or reduce
herbivory. The unbranched trichomes of geraniunstigeght and those of bean are hooked.
Compare the velvety feel of geranium leaf with stieky feel of bean leaf. Some plants, such as
EleagnugRussian olive), have elaborate branched trichomes

Card 5-5: Draw diagrams to distinguish between the followtyyges of trichomes: straight,
hooked, or branched.

Trichomes may alssecrete a variety of compounds. Examples of plaittssecretory
trichomes include tobaccd)rosera(sundew)Dionea(Venus fly trap), antlimonium(sea
lavender). Can you identify the functions of thesghomes?

Card 5-6: Draw diagrams to illustrate the trichomes of talmasundew, Venus fly trap and sea
lavendar. On the back of the card, describe thetilmms of each structure.

Nectariessecrete sugary solution that attract and rewallthptors.

Card 5-7: Draw a diagram to illustrate the nectaries of lysnekle flower.

29



LAB 8 - ANATOMY OF STEMS
Introduction

This begins a series of three labs in which yoliexplore the structure of stems, leaves and
roots. In addition to learning about the generghaoization of tissues, you will explore how this
organization varies among different plants. Fomepi®, plants representing the two major
evolutionary lines of flowering plants, monocotslaudicots, differ markedly in the
organization of tissues in stems, leaves and r&#siew our lecture notes for a summary of
these differences.

Stems support photosynthetic leaves and reprodustiuctures above the substrate, thus
increasing photosynthetic and reproductive efficierin addition, stems supply water and
minerals to shoots via the xylem and photosyntt@teots via the phloem. In this lab exercise
you will examine the general structure of stema wrariety of different types of plants.

Part 1 - Organization of the dicot stem

Examine the prepared slidelgélianthus(dicot) stem x.s. and identify the following tigsuand
regions: epidermis, ground tissue (parenchymaegolyma, sclerenchyma, cortex, pith),
vascular tissue (xylem, phloem).

Card 8-1: Draw a diagram ofelianthusstem and label the tissues.
Part 2 - Vascular bundles

Vascular bundles contain both xylem and phloemloege tissues are arranged differently
within the stem bundles of different plants.

Card 8-2: Draw a single stem vascular bundle from each ofdhewing plants and label
protoxylem, metaxylem, phloem, fibers and procamb(if present)Helianthus collateral
bundles)Zea maygcorn, collateral bundlesiGucurbita(pumpkin, bicollateral bundles),

Part 3 - Steles

The arrangement of vascular bundles in a stematrisdknow as thetele Examine stem cross
sections from the following species as examplestaiar types. If possible, note the position of
the protoxylem (internal, medial or external). Theanstruct a DICOTOMOUS KEY that could
be used to classify the different types of steles.

Protostele- Psilotum(primitive vascular plant)
Siphonostele- Adiantum(a fern)

Dissected siphonostele Polypodium(a fern)
Eustele - Helianthus(a dicot)

Atactostele- Zea mayga monocot)
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Card 8-3: KEY

A.

AA

B.

BB.

C.

CC.

D.

DD.

Part 3 - Nodal anatomy

Nodes are where vascular bundles leave the stemt¢o leaves. Study the nodal anatomy of
PelargoniumandPerilla by mounting a portion of a stem containing a nopgide-dowrin clay
under the dissecting microscope. Serial-sectiorstéi@® with a razor blade and note changes in
the stele. How do differences in the two plantateeto the observation th@elargoniumhas

large stipules? Identifieaf gaps leaf traces, axial bundlesand thephyllotaxy for each.

Card 8-4: ChoosePelargoniumor Perilla and draw a diagram to illustrate a three dimeradion
reconstruction of your serial sections. Label ydwawing.

Examine a prepared slide Afliantumstem and identify leaf gaps and leaf traces. Iatwiay
does the structure of leaf gaps in a siphonosiéfkr drom the leaf gaps in a eustele? Examine a
prepared slide of Zeanode and note the numerous leaf traces that gr@esheathing leaves.

Part 4 - Environmental adaptation of stems

Plants that are adapted to dry or xeric environsarg calleckerophytes those adapted to
aquatic environments are callegdrophytes, and those adapted to more moderate conditions
aremesophytesHalophytesare adapted to saline conditions and share mampaeaistic with
xerophytes and also tend to be succulent. Adaptviations include: stomatal location, amount
of intercellular air space (i.e. aerenchyma) andwamh of sclerenchyma. Some xerophytes have
very small leaves and photosynthetic stems.

Card 8-5: Identify the adaptive features associated withetiomy of the following stems and

prepare labeled drawingsphedra(xerophyte), Salicornia(halophyte) Myriophyllum
(hydrophyte).
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LAB 9 - ANATOMY OF LEAVES
Introduction

Leaves are the primary photosynthetic structuregsaost plants. In this lab you will learn about
the structure of leaves and their developmentahg formation of leaf primordia at the shoot
apical meristem.

Part 1 - Leaf anatomy in eudicots, monocots, and oders

Eudicot leaves typically haveetted venationand may be simple or compound. In addition,
most arebifacial. Examine the examples provided and identifyliase stipules petiole and
lamina. Examine the cross sectionlaofgustrum(privet) leaf and identifymidvein, upper and
lower epidermis, palisadeandspongy mesophyllvascular tissue(xylem, phloem), and

bundle sheath How can you tell thadaxial from theabaxial surface? Now look at the
paradermal sectionand identify the same tissues. Pay particulanttte to the vascular
bundles, which you can now see in longitudinalisectand the difference in packing of spongy
and palisade mesophyll. Which type of mesophyllthasggreatest volume of intercellular spaces
per total volume? Which has the greatest free saré@ea per total volume?

Card 9-1: Draw diagrams ofigustrumleaf in cross and paradermal sections. Labelisseds
and structures in boldface type above. On the bathke card, describe the differences between
palisade and spongy mesophyill.

Monocot leaves are characterizeddayallel venation and sheathing leaf bases. Examine the
examples provided and identify tekeath ligules andlamina. Examine the prepared slide of
Zea(corn) leaf and identify the different tissues as gid for the eudicot leaf. Is the distinction
between palisade and spongy mesophyll obvious? dtms this relate to the orientation of these
leaves on the plant? What is the function of tHarged bundles sheath cells in this plant?
Compardeaf anatomy oZea(C4) with that ofTriticum (wheat, C3). How do the bundle sheath
cells differ? What functional difference is relatedhis structural difference?

Card 9-2: Draw diagrams of riticum leaf andZealeaf in cross section. Label tissues and
structures as you did faigustrumleaf. On the back of the card, describe the strecind
function of bundle sheath cells in C3 and C4 grasse

The leaves of most conifers (gymnosperms) are maddous and therefore tough and leathery.
Examine the examples of conifer leaves. Now exarthiagrepared slide of pine leaf cross
section. Identify as many tissues as you can, @ietuthe singlesein. Pine leaves exhibit a
variety of adaptations such as: §linken stomata (2) isobilateral symmetry, (3) an
endodermisand (4 resin ducts Identify these adaptations and think about timetions of

each. Compare the anatomyRdhusleaf with that ofTaxus How do differences in anatomy
relate to the orientation of these leaves on thatfl
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Card 9-3: Draw diagrams oPinusleaf andTaxusleaf in cross section. Label tissues and
structures, as well as special adaptations in boedfype above. On the back of the card,
describe how these specializations help protedetines against winter conditions.

Varying stomatal position is one way that plantgehadapted to increase water use efficiency.
Many leaves like those aigustrum(card 9-1) ardaypostomaticwith all or most stomata on the
shaded lower surfac8unken stomata as seen iRinus(card 9-3) andtomatal crypts, as seen
in the prepared slide dferium(oleander) leaf, further reduce water loss. Exantive prepared
slide ofZea(corn) leaf to see an exampleashphistomatic position, in which stomata occur on
both surfaces of the leaf. Floating leaves, sudhase of water lily lymphaepnareepistomatic
with stomata on the upper surface.

Card 9-4: Draw diagrams to illustrate differences in stomatadition inLigustrum Pinus
Nerium ZeaandNymphaedeaves. On the back of the card, describe théarkhip between
stomatal arrangement and leaf orientatiohigustrum ZeaandNymphaedeaves.

Part 2 - Leaf development

The development of a typical dicot leaf is illuséchin the slides ddyringa(lilac) leaf buds, in
which several stages in the development of leafiprilia and young leaves can be viewed in
cross section. Can you tell at which stage vasiaaltion occurs? What changes can you note as
you look at progressively older leaves? Comparethpared slides of youryringaleaf with

that of matureSyringaleaf. Pay particular attention to the amount ospace in each tissue.
What developmental scenario could lead to the geanent of air spaces seen in mature leaves?

Card 9-5: Draw diagrams of several stages in the developofedyringaleaf. Label the tissues
as they become distinct. On the back of the casigribe the process through which air spaces
form in the spongy mesophyll.

Monocot leaves have a prolonged period of developmering which they elongate from a
basal meristem Examine the prepared slideZganode. Can you identify the basal meristem in
the leaves? How does vascular tissue in the leafrbe connected to that in the stem? Can you
see how the basal meristem forms parallel veins?

Card 9-6: Draw a diagram of Zeanode. Label the basal meristem and mature andajeng
vascular tissue.

The final stage in the development of deciduougdeasabscission This process is controlled
in such a way as to minimize the vulnerability o€ plant to pathogens and xylem cavitation.
Examine the prepared slide of an abscission zaoeatify theprotective layersand the
separation layer. What other characteristics of the abscission Z@wve evolved to minimize
injury?

Card 9-7: Draw a diagram of an abscission zone and lalegbtbtective and separation layers.
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LAB 10 - ANATOMY OF ROOTS
Introduction:

Roots anchor plants in the soil and absorb andwzingater and nutrients. Lateral roots do not
arise in a predetermined pattern as do lateraltshdbe site of lateral root formation is
influenced by heterogeneity in the soil microenmiment, so root systems are highly variable.
The anatomical structure of roots, however, isequitiform. In addition to the absence of
apically-derived lateral appendages, roots aréengisished from stems by the presence of a root
cap and vascular organization. In this lab you xihmine the general anatomy of roots and the
origin of lateral and adventitious roots.

Part 1 - Generalized root anatomyand development

To get an idea of how the morphology of the rosteym differs in monocots and dicots,
examine the seedlings of radish and barley that baen germinated in Petri dish&ap root
systemsare common in dicots. Identify the taproot onridudish seedling-ibrous root systems
are characteristic of monocots. Note the abseneedoiminant taproot on the barley seedling.
Also note where the roots on the barley seedlimgjrate. Roots originating from stem tissue are
adventitious roots(a.k.a. nodal roots, crown roots, prop roots). bath seedlings identifypot
cap, root hairs, embryonic root, lateral roots. You may also detect the slimyucigel secreted

by the roots.

Card 10-1: Draw labeled diagrams to illustrate the differenicesveen a tap root system and a
fibrous root system.

Examine the prepared slides of mature and imm&arainculusoot cross section. Identify the
following in the immature rooepidermis, cortical parenchyma, endodermis pericycle,

phloem, protoxylem. Now examine the mature root and identify the séaseies plus
metaxylem The differences between the mature and immatgts mre most obvious in the
xylem, endodermis and cortex. What changes occilnreirendodermis and what is the functional
significance of these changes? What type of si@ds this root have?

Card 10-2: Draw diagrams of immature and mat&®@nunculusoots. Label the tissues. On the
back of the card, describe the changes that occtivearoot matures.

The following examples illustrate some of the commaoatomical variations among angiosperm
primary roots:

Zea mays Polyarch stele with a parenchymatous pith. Note the altergarotoxylem and
phloem and the large metaxylem elements. This ¢ystele is interpreted agpaotostelein
which the central xylem differentiated as parencaylinlike stem pith, which differentiates
from ground meristem, this root pith differentiafesm procambium. This is a common pattern
in monocots, especially those with large diametets.
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Smilax(monocot) - Polyarch stele with central xylem. Boaf this plant have highly sclerified
endodermis. Note the crystal cells in the outetesor

Psilotumstem - just to remind you of the similarity betwdhe stem anatomy of this primitive,
rootless plant and that of angiosperm roots. Canigentify the endodermis?

Card 10-3: Draw diagrams oZearoot andSmilaxroot and label the tissues. On the back of the
card, explain variations in the organization oftpsteles as seen Ranunculusoot, Zearoot,
Smilaxroot, andPsilotumstem.

Part 2 - Development of root systems

Examine a prepared slide Bistia or Salixroot with developing lateral (branch) roots. Wheoe
the meristematic cells appear to be located? Iiyethi vascular connection between the lateral
root and the stele of the primary root. Can youasemot cap? What happens to epidermal,
cortical and endodermal tissue during this process?

Card 10-4: Draw a labeled diagram of a developing laterat.r@m the back of the card, explain
the process of lateral root development.

Make a free-hand section oZabrinanode such that you section atventitious root
longitudinally. From what tissue was the adventis@oot derived. How do vascular connections
become established? Adventitious root developmamte seen in cross sections of
Lycopersicontomato) stem. How does the origin of adventitioasts compare with that of
branch roots?

Card 10-5: Draw a labeled diagram of a developing adventitimad. On the back of the card,
explain the process of adventitious root develograad how it differs from lateral root
development.

Part 3 — Specialized roots

Card 10-6: Describe the functional adaptations associateld thiee anatomy of the following
roots. Which tissues have become altered as a mdhle adaptations?

Aerial roots — Section the aerial roots of orchid. The multilsigered epidermis (velamen) has
peculiarly thickened walls.

Storage roots— Section the storage rootD&ucus(carrot). Which tissues function in storage?
Nodules- The symbiotic relationship between the bacterRimzobiumand plants in the legume
family form nodules that function in nitrogen fix@t. Section the nodules and examine with the

compound microscope.

Mycorrhizae - Examine the examples of symbiotic associations. yoartell which are
ectomycorrhizaeand which arendomycorrhizae?
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LAB 11 - VASCULAR CAMBIUM
Introduction

Many small, herbaceous annuals have no secondanttgat all. However, plants that grow
large or persist for several years require a lastgn diameter for support, increased amounts of
vascular tissue to supply greater numbers of biesand leaves, and a means to replace
vascular tissues that cavitate due to winter fregzbome monocots are large and perennial,
even without secondary growth. These plants haaptad specialized strategies for increasing
their girth and vascular supply. However, dicotd ggmnosperms undergo secondary growth
through activation of a secondary meristem cale/éscular cambium

The most obvious function of the vascular cambianoiproduceecondary xylemand
secondary phloem The vascular cambium arises through divisionedisaf theresidual
procambium and ground tissues and forms a cylinder that ségsprimary xylem from
primary phloem. Cells of the vascular cambium dividericlinally to produce the secondary
vascular tissues arahticlinally as required to keep up with the increasing girtthefstem or
root. At the end of the growing season the vasadarbium may go dormant only to be
reactivated in following seasons. In this lab yall see how vascular cambium is initiated in
stems and roots and examine the organization obizdmitials.

Part 1 - Initiation of the vascular cambium in stens

First examine a prepared slide of a mature steRaoiunculusan annual eudicot with no
secondary growthCan you identify undifferentiated tissues betwgenxylem and phloem?
Notice also the fibers that completely surroundvigcular bundles.

Next look at the prepared slidelgélianthus(sunflower) stem with separate bundles. Can you
identify radially layered cells between the xylendghloem that appear to have divided
recently? Can you identify similar cells among paeenchyma between the vascular bundles?
This is where théascicular cambiumandinterfascicular cambium are initiated.

Card 11-1: Prepare a drawing that illustrates the differencestem vascular bundles between a
plant without secondary growtRé&nunculusand a plant with secondary growtteglianthug.
Label fascicular cambium and interfascicular cambiu

Now examine a prepared slide of an Blelianthusstem and notice the changes that have taken
place. Identify the cylindricalascular cambium which formed as the fascicular and
interfascicular cambia merged. Also idenfiigh, primary xylem, secondary xylem

secondary phloemandprimary phloem.

The slide containing sections 8dmbucustem shows more extensive development of
secondary vascular tissues. Idenpfth, primary xylem, primary phloem, xylem rays,
phloem rays axial elementsof thesecondary xylemandsecondary phloem andvascular
cambium.
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Card 11-2: Draw a diagram ofambucustem with secondary growth and label the tissues
shown in boldface type above.

Part 2 - Initiation of the vascular cambium in roots

Examine the prepared slides of two stages in theldpment ofPyrus(pear) roots. First note
thatPyrusis unusual in have two endodermal layers, on a€lwhccumulates phenolics. Can
you identify where the vascular cambium arises?Lséicondary xylem secondary phloem
andvascular cambium

Card 11-3: Draw diagrams oPyrusroot with early secondary growth and matByeusroot.
Label the tissues and show where the vascular camobriginates.

Part 3 - Structure of cambial initials

Examine prepared slides of vascular cambium fRohinia(black locust) anduglans(walnut).
These are planar sections of a cylindrical cambgoeach section contains differentiating
secondary xylem and phloem as well as cambiahisitLook for patches of cells that lack the
features of tracheary elements or sieve tube mesnlalEntifyfusiform initials andray initials .

What cells do each type of initials give rise toRaddifferences do you note in the arrangement

of cambial initials in the different species?
Card 11-4: Draw diagrams of the cambium BbbiniaandJuglans

Part 4 - Woody stems and roots

Although cambium initiation differs in roots anests, the resulting secondary vascular tissues

are strikingly similar. Examine prepared slidesvoibd stems and roots oflia.

Card 11-5: Draw diagrams of a woody root and a woody stemildi. Label similarities and
differences.
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LAB 12 - SECONDARY GROWTH
Introduction

What most people call “wood”, plant anatomists kressecondary xylem Secondary xylem
has the same cell types and the same functionsraarg xylem. However, secondary xylem
develops from the vascular cambium and its orgaioizas different from that of primary xylem.
Specifically, secondary xylem consists of an agjatem that develops from fusiform initials
and a radial system that develops from ray initials

The outer part of a woody stem or root is commdmigwn asbark, but actually consists of two
distinct tissues, theecondary phloemand theperiderm. As the diameter of a woody stem
increases, the bark must expand radially to accatateche enlarged circumference of the
wood. The developmental processes that accomplismadial expansion are revealed in the
cellular organization of the secondary phloem Sdaonphloem, like the secondary xylem,
arises from the vascular cambium and consists af&l system and a ray system. The periderm
arises from a meristem known as tdoek cambium.

Part 1 - Structure of woody stems

Examine the wood blocks provided and identéyial elements ray elements annual rings
andbark. You cannot see the vascular cambium without aos@mpe, but you should be able to
tell where it is.

You should be familiar witleross sectiondy now. A longitudinal section of wood cut on a
radius is called aadial sectionand contains rays sectioned longitudinally. A itundjnal

section of wood cut on a tangent iaagential sectionand shows rays in cross-section. Using
wood blocks and the diagram on page 38, make swreiyderstand the different types of
sections.

Part 2 - Secondary xylem
Examine the prepared slide of pine wood that inetuctoss, radial and tangential sections.

Card 12-1: Draw diagrams of pine wood in cross, radial andj¢sial section. Label axial
elements, ray elements and annual rings.

Phylogeny, environmental pressures, and its ofigthe vascular cambium influence the
structure of wood. Keep these factors in mind asgxamine the anatomy of different types of
wood. The following is a list of general charad@as to look for when examining wood
anatomy:
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Axial system
1. Cell types present - tracheids, vessel membbess, parenchyma.

2. Characteristics of vessels (if present) - patfon plate type, diameter, length.
3. Arrangement of vesselsng porous or diffuse porous

Ray system
1. Structure

Uniseriate (consisting of a single file of cells)
Multiseriate (consisting of two or more files of cells)
2. Cellular composition
Homocellular (consisting of one cell type)
Heterocellular (consisting of two or more cell types, e.g. tradseparenchyma, upright
cells, procumbent cells)

Thin sections of wood provide different kinds oformation depending on the plane in which
they are cut. Examine cross, radial and tangefXRIl) sections and macerations of the
following woods. Copy the chart on page 39 andiriillhe characteristics of each on the included
chart.

Pinus(gymnosperm)
Magnoliaor Liriodendron(angiosperms)
Quercus(angiosperms)

If you have time to look at others, choose frdntia, Chamaecyparus, Aceoy Juglans.
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PLANES OF SECTION IN WOOD
lllustrations of cross (X), radial (R) and tangah(il) sections of wood.

(From: R. H. Holman and W. W. Robbis Textbook of General Botany Wiley and Sons,
Inc., New York, 1924.
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WOOD CHARACTERISTICS CHART

Pinus Magnolia Quercus

Axial cell types

Vessel types

Vessel
arrangement

Ray structure

Ray cellular
composition
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Part 3 - Secondary phloem

The secondary phloem functions in both transpadt@otection and this dual function is
reflected in the cell types present. Examine ascsestion offilia stem and identify the

following cell types: phloem fibers, sieve tube niears, companion cells, axial parenchyma, and
ray parenchyma. Now look carefully at the phloem.

Card 12-2: Draw a diagram of the secondary phloenTiti and label the cell types. One the
back of the card explain: 1) the relationship bemveylem rays and phloem rays, and 2) the role
of phloem rays in radial expansion of the phloem.

Part 4 - Cork cambium and periderm

Thecork cambium can develop from cells of the epidermis, corteknpry phloem or
secondary phloem. This meristem produoak, which replace the function of the epidermis in
the growing stem. Examine the development of carklsium by comparing prepared slides of
Sambucustem with and without cork. Look for dividing ceiust below the epidermis. Notice
that the developing cork cells are arranged inalddes that do not coincide with the epidermal
cells.

Card 12-3: Draw labeled diagrams to illustrate the developneéicork cambium and cork in
Sambucus

Gases must be able to penetrate the cork to reawhing cells below. This is accomplished by
lenticels which are clusters of loosely-packed cells predusy the cork cambium. Look at the
bark samples on display to see different typesti¢els. Now, examine the prepared slide of a
Sambucugenticel.

Card 12-4: Prepare a labeled drawing c6ambucusgenticel.
The texture of bark (e.g. smooth, scaly, fibrous)ehds on the structure of the cork cambium.

Examine the bark samples on display and try tosowithe organization of the cork cambium
that produced each type.
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