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Chapter 23

23.1 The Green Algal Ancestor of Plants

1.
Plants are multicellular photosynthetic eukaryotes, whose evolution is marked by adaptations to a land existence. 
A. Adaptation to Land
1.
Living on land requires adaptations, primarily dealing with the threat of desiccation.

2.
The most successful land plants are those that protect all phases of reproduction from drying out and have an efficient means of dispersing offspring on land.

3.
To conserve water, the land plant body is covered by a waxy cuticle that is impervious to water while still allowing carbon dioxide to enter so photosynthesis can continue. 

4.
In many plants, roots absorb water from the soil, and vascular system transports water in the body of the land plant.

5.
Flowering plants have evolved in a way that employs animals to assist with reproduction and seed dispersal.

B.
The Ancestry of Plants

1.
Plants are believed to have evolved from a freshwater green algal ancestor over 450 million years ago.

a.
Both utilize chlorophylls a and b and various accessory pigments.

b.
In both, the food reserve is starch.

c.
The cell walls of both contain cellulose.
d.
DNA base codes for rRNA suggest plants are most closely related to green algae known as charophytes.
2.
Some characteristics of Charales are:


a.
Body consists of a single file of long cells anchored in the mud by thin filaments.


b.
Branches are aligned in whorls, occurring at multicellular nodes.


c.
Male and female reproductive structures grow at the nodes.


d.
Zygote is retained until it is enclosed by tough walls.
3.
Some characteristics of Coleochate are:


a.
Body is composed of elongated branched filaments that spread flat.


c. 
Zygote is retained similar to Charales
4.
The two groups of charophytes (Carales and Coleochate) have several features that would have promoted the evolution of multicellular land plants:


a.
Cellulose cell walls of charophytes and land plant lineage are laid down by the same unique type of cellulose synthesizing complexes. The cell walls of both types of organisms are similar.


b.
In charophytes, apical cells produce cells that allow their filaments to increase in length. At the nodes, other cells can divide asymmetrically to produce reproductive structures. Land plants have apical tissue that produces specialized tissues that add to or develop into new organs.


c.
Plasmodesmata between cells provide a means of communication between neighboring cells and may have played a role in the evolution of specialized tissues in land plants.


d.
A placenta (designed cells) transfers nutrients from haploid cells of the previous generation to the diploid zygote. Both charophytes and land plants retain and care for the zygote.

C.
Alternation of Generations Life Cycle


1.
Land plants have a two-generation life cycle called alternation of generations.


a.
A spore is a haploid reproductive cell that develops into a new organism without the need to fuse with another productive cell.



1)
The spore undergoes mitosis and becomes a gametophyte.


b.
A gametophyte produces gametes, which are produced by mitotic cell division.

1)
The gametes fuse and form a diploid zygote that undergoes mitosis and becomes the sporophyte embryo, then then 2n generation.

c.
Two observations from the alternation of generations life cycle:


1)
Meiosis produces haploid spores


2)
Mitosis occurs twice: once as a spore becomes a gametophyte, and again as a zygote becomes a sporophyte

2.
Plants differ in which generation—gametophyte or sporophyte—is dominant.   


a.
In nonvascular plants, the gametophyte is dominant. 


b.
In the vascular groups, the sporophyte is dominant. 


c.
The shift to sporophyte dominance is an adaptation to life on land.


d.
As the sporophyte gains dominance, the gametophyte becomes microscopic and dependent on the sporophyte.
D.
Other Derived Traits of Land Plants

1.
Embryophyta is an alternate name for the land plant clade since the 2n embryo are retained and protect the embryo from drying out.



2.
The sporophyte is a diploid (2n) generation producing haploid spores by meiotic cell division. Spores have a wall that contains sporopollenin, a molecule that prevents drying out.


3.
The gametophyte is a haploid (n) generation producing haploid gametes by mitotic division. A male gametangium is called an antheridium, and a female gametangium is called an archegonium.

4.
Note that meiosis produces haploid spores.


5.
Mitosis occurs as a spore becomes a gametophyte, and also as a zygote becomes a sporophyte.


6.
The charophytes have a haploid life cycle. The zygote undergoes meiosis, and only four zoospores are produced per zygote.

1. Leaves and stems are covered by a waxy cuticle that holds in water but limits gas exchange; the thickness of the cuticle varies among different species of plants.

2. Leaves and some other tissues have openings (stomata) that regulate gas and water exchange.

3. Apical tissue has the ability to produce complex tissues and organs.

23.2 Evolution of Bryophytes: Colonization of Land
1.
The bryophytes (liverworts, hornworts, mosses) are the first plants to colonize land. 


2.
Bryophytes are nonvascular plants because they lack true roots, stems, and leaves, although they have rootlike, stemlike, or leaflike structures.


3.
The bryophytes evolved during the Ordovician period.


4.
Molecular data suggests that these plants have individual lines of descent and they do not form a nonophyletic group.


5.
Mosses may be more closely related to vascular plants than hornworts and liverworts.


6.
Bryophytes and vascular plants share traits including: 


a.
Alternation of generation life cycle.


b.
Apical tissue that produces complex tissues.


c.
Bodies are covered by a cuticle.


d.
Hornwarts and mosses have stomata.


7.
The gametophyte is the dominant generation we recognize in bryophytes.

a.
Flagellated sperm swim to the vicinity of the egg in a continuous film of water.

b.
The gametophyte produces eggs in the archegonia, flagellated sperm in the antheridia.

c.
The sperm swim to the egg in a continuous film of water.

d.
The sporophyte is attached to and derives nourishment from the photosynthetic gametophyte.


8.
Nonvascular plants are quite small because of lack of vascular tissue and the need for sperm to swim to the archegonia in water.

a.
Because sexual reproduction involves flagellated sperm, they are usually found in moist habitats.

b.
Bryophytes compete well in harsh environments because the gametophyte can reproduce asexually. 

A.
Liverworts

1.
There are two groups: the thallose liverworts with flattened bodies known as a thallus, and the leafy liverworts, which superficially resemble mosses.

2.
Marchantia is an example of a liverwort.



a.
It has a flat, lobed thallus about a centimeter in length. 



b.
The upper surface of thallus is smooth; the lower surface bears numerous rhizoids projecting into the soil. 



c.
It reproduces asexually and sexually.

3.
Rhizoids are the hairlike extensions that anchor it and absorb water and minerals from the soil.

4.
Asexual reproduction involves gemmae in gemmae cups on the upper surface of the thallus; gemmae can start a new plant.
5.
Sexual reproduction depends on antheridia and archegonia. 


a.
Antheridia are on disk-headed stalks and produce flagellated sperm.



b.
Archegonia are on umbrella-headed stalks and produce eggs.



c.
The zygote develops into a tiny sporophyte composed of a foot, short stalk, and capsule.



d.
Spores produced within the capsule of the gametophyte are disseminated by wind.

B.
Hornworts 

1. Hornworts are photosynthetic, but also have a symbiotic relationship with cyanobacteria, which can fix atmospheric nitrogen.

2.
The small sporophytes of a hornwort look like tiny green broom handles and are attached to a filmy gametophyte that is less than two cm in diameter.

C.
Mosses 

1. Mosses are the largest phyla of nonvascular plants with over 15,000 species are known.

a. Three distinct classes exist:  peat mosses, true mosses, and rock mosses.

2.
They prefer damp, shaded localities but some survive in deserts; others in bogs and streams. 

3.
Mosses store much water; when they dry out, they become dormant; when it rains, they become green. 

4.
The moss life cycle begins with algalike protonema developing from the germination of a haploid spore. 

a.
Three days of favorable growing conditions produce upright shoots covered with leafy structures. 

1)
Rhizoids (rootlike filaments) anchor the protonema, to which the shoots are attached.

2)
The shoots bear antheridia and archegonia at their tips.

3)
The antheridia produce flagellated sperm which need external water to reach eggs in the archegonia.

4)
The archegonium looks like a vase with a long neck; it has an outer layer of sterile cells with a single egg at the base.

5)
Fertilization results in a diploid zygote that undergoes mitotic division to develop a sporophyte.

b.
The sporophyte consists of a foot (which grows down into the gametophyte tissue starting at the former archegonium), a stalk, and an upper capsule (sporangium) where spores are produced.

1)
At first the sporophyte is green and photosynthetic.

2)
At maturity it is brown and nonphotosynthetic.

D.
The Uses of Bryophytes (Biological Systems reading)
1. Sphagnum (bog or peat moss) has tremendous ability to absorb water and is important in gardening.

2. Sphagnum does not decay in some acidic bogs; the accumulated dried peat can be used as fuel.

23.3  Evolution of Lycophytes: Vascular Tissue

1.
Vascular Tissue


a.
Xylem is vascular tissue that conducts water and minerals upward from the roots.


b.
Phloem is vascular tissue that transports sucrose and hormones throughout the plant.


c.
Lignin strengthens the walls of conducting cells in xylem.

A.
Origin of Vascular Plants
1.
Rhyniophytes (phylum Rhyniophyta) were dominant from mid-Silurian Period of the Paleozoic Era to the mid-Devonian.

2.
Cooksonia may have been the first vascular plant and colonizer of land.

3.
The photosynthetic stems, not true leaves or roots, have sporangia at their tips; they are attached to a rhizome.

4.
Similar to bryophytes, these plants were homosporous, producing one type of spore.

5.
Since they were not a seed plant, they were called a seedless vascular plant, like the lycophytes.

A.
Lycophytes



1.
The first lycophytes had the stem of early vascular plants, roots, and leaves called microphylls, so called because they had only one strand of vascular tissue.



2.
Microphylls evolved as simple side extensions of the stem; roots evolved as lower extensions of the stem; the vascular tissue is centrally placed, as it is with today’s lycophytes.



3.
Today’s lycophytes are also called club mosses and include the ground pines (Lycopodium), spike mosses (Selaginella), and quillworts (Isoetes).



4.
There are approximately 1,150 species of lycophytes.



5.
Roots come off a branching, underground stem called a rhizome.



6.
Sporophylls are microphylls that bear sporangia.



7.
Sporophylls are grouped into club-shaped stoboli.


8. 
Similar to all vascular plants, the sporophyte generation is the dominant generation in lycophytes.



9.
Ground pines are homosporous—the spores germinate into inconspicuous and independent gametopytes, like in ferns.



10.
The sperm are flagellated in bryophytes, lycophytes, and ferns.

23.4 Evolution of Pteridophytes: Megaphylls

1.
Pteridophytes (ferns and their allies, horsetails, whiskferns) are seedless vascular plants.

2.
Pteridophytes and seed plants both have megaphylls, which are broad leaves with several strands of vascular tissue. 


3.
Megaphylls evolved about 370 MYA.

4.
Their function is to allow plants to efficiently collect solar energy, which leads to the production of more food and the possibility of producing more offspring than plants without megaphylls.

5.
The pteridophytes were dominant from the late Devonian period through the Carboniferous period.

6.
Club mosses (35 m), horsetails (18 m), and ferns (8 m) were larger than today’s specimens and formed great swamps. 

A.
Horsetails

1.
Horsetails consist of one genus, Equisetum, and 25 species.


2.
A rhizome produces aerial stems that stand about 1.3 meters tall.

3.
Whorls of slender side branches encircle nodes of a stem, resembling a horse’s tail.

4.
Small scalelike leaves also form whorls at each node. 

5.
Many horsetails have strobili at the tip of all stems; others send up special buff-colored stems that bear stroboli.

6.
The spores germinate into inconspicuous and independent gametophytes.

7.
The tough, rigid stems have silica in the cell walls; early Americans used them as “scouring brushes.”

B.
Whisk Ferns 

1.
Whisk ferns are represented by two genera: Psilotum and Tmesipteris.

2. Whisk ferns occur in the southern United States and in the tropics as epiphytes or on the ground.

3. Whisk ferns have no leaves or roots.

4. A branched rhizome with rhizoids and a mycorrhizal fungus helps gather nutrients.

5. Two or three species of the genus Tmesipteris have appendages that some maintain and reduced megaphylls 

C.
Ferns
1.
Ferns consist of about 11,000 species. 

2.
Ferns are widespread and especially abundant in warm, moist tropical regions.

3.
Ferns range in size from low—growing mosslike forms to tall trees.

4.
Fronds are megaphylls that are variable in size and shape.

5. 
The life cycle of ferns applies to the life cycle of other types of vascular seedless plants.


a.
The dominant sporophyte produces windblown spores by meiosis within sporangia.


b.
In ferns, the sporangia can be located within sori on the underside of the leaflets.


c.
Windblown spores disperse the gametophyte.


d.
Flagellated sperm are released by antheridia and swim to the archegonia in a film of water.


e.
Many ferns can reproduce asexually by fragmentation of the fern rhizome.
D.
The Uses of Ferns (Biological Systems reading)
1.
Ostrich fern is the only edible fern to be traded as a food —eaten as fiddleheads.

2.
The fern Azolla harbors the nitrogen fixing cyanobacteria Anabaena.

3.
Azolla converts more atmospheric nitrogen into a form available for plant growth than all the legumes.

4.
Ferns and their allies can also be used as medicines to treat boils and ulcers, whooping cough, and dysentery.

5.
Ferns are used heavily as ornamental plants by florists and as home decorations.

23.5 Evolution of Seed Plants: Full Adaptation to Land

1.
Seed plants are vascular plants that use seeds as the dispersal stage.


2.
Seeds are mature ovules containing embryonic sporophyte and stored food enclosed in a protective seed coat.


3.
Seeds are resistant to adverse conditions such as dryness and temperature extremes.

4.
A food reserve supports the emerging seedling until it can exist on its own.

5.
The survival value of seeds contributes greatly to the success of seed plants and to their present dominance.


6.
Seed plants are heterosporous, meaning they have microspores and megaspores. 


7.
Microspores become male gametophytes, called pollen grains. 

8.
Pollination is the transfer of pollen to the vicinity of the female gametophyte.


9.
Sperm is delivered to an egg through a pollen tube; no external water is required for fertilization.


10.
A megaspore develops into a female gametophyte within an ovule, which becomes a seed following fertilization. 


11.
In gymnosperms, the ovules are not completely enclosed by sporophyte tissue at pollination.  


12.
In angiosperms, the ovules are completely enclosed within diploid sporophyte tissues which become a fruit.

A. Gymnosperms


1.
Conifers

a.
There are about 575 species of conifers. 
b.
Conifers are cone-bearing trees and shrubs such as pines, hemlocks, and spruces.

c.
Conifers usually have evergreen needlelike leaves well adapted to withstand extremes in climate.

d.
The oldest and largest trees in existence are conifers: 



1)
The coastal redwood (Sequoia semperivirens) is the tallest living vascular plant and grows to nearly 100 meters high.

2)
Bristlecone pines grow in the White Mountains of California and Nevada mountains; one is 4,900 years old.


e.
Conifer forests cover vast areas of northern temperate regions. 


f.
Pine needles have thick cuticle and recessed stomata.

g.
Conifers are monoecious since they produce both pollen and seed cones.


2.
Cycads

a.   Cycads include 10 genera and about 140 species. 


b.
The trunk is stout and unbranched; the large leaves are compound giving a palmlike appearance.


c.
Cycads have pollen and seed cones on separate plants. 


d.
The cycad life cycle is similar to that of pine trees except they are pollinated by insects.


e.
The pollen tube bursts in the vicinity of the archegonium and multiflagellated sperm swim to reach an egg.


f.
Cycads flourished during the Mesozoic Era and probably were food for herbivorous dinosaurs.


g.
Today, cycads are endangered because of their very slow growth.



3.
Ginkgoes



a.
Only one species of ginkgo (Ginkgo biloba) survives today. 


b.
It is called the maidenhair trees because its forked-veined, fan-shaped leaves resemble the maidenhair fern.

3. Ginkgoes are dioecious—some trees produce seeds.

4. Ginkgo ovules are at the end of short, paired stalks; female trees produce seeds with a fleshy covering and foul odor. 

5. Similar to cycads, the pollen tube of Gingkoes bursts to release multiflagellated sperm that swim to the egg produced by the female gametophyte in an ovule. 


4.
Gnetophytes

a.
Gnetophytes are represented by three living genera and 70 species.

b.
Gnetum consists of trees and climbing vines with broad leaves; they live mainly in the tropics.


c.
Ephedra is found in U.S. desert regions, and is a many-branched shrub with small, scalelike leaves.

d.
Welwitschia is found in deserts in southwest Africa; most of it exists underground and it has two enormous leaves.

e.
The xylem and stroboli are uniform across all three genera, and all lack archegonia.

f.
Angiosperms also lack archegonia, suggesting that gnetophytes are the gymnosperms most closely related to angiosperms. 

g.
Some gnetophytes produce nectar in their reproductive structures, recruiting insects in pollination.

B. 
The Uses of Pines (Biological Systems reading)
1.
Pines provide wood for construction.

2.
Pines make attractive additions to parks and gardens.

3. 
Pine needles are rich in vitamins A and C and can be boiled to make tea to ease cold symptoms.




4.
Inner bark of white pines can be used in wound dressing or provide medicine for colds and coughs.

5.
Pine oil is used to scent room sprays and masculine perfumes.

6.
Resin is harvested commercially for a derived product called turpentine.

C.
 Angiosperms

1.
There are 240,000 known species of angiosperms (flowering plants). 

2.
This group contains six times the number of species of all other plant groups combined.

3.
Angiosperms live in all habitats from freshwater to desert and from tropics to subpolar regions.

4.
Flowering plant size ranges from microscopic duckweed to Eucalyptus exceeding 100 m tall.

5.
They are important in everyday human life: clothing, food, medicine, and commercial products.

6.
Unlike gymnosperms, angiosperms enclose their ovules within diploid tissues. 

D.
Origin and Radiation of Angiosperms

1. Flowering plants became the dominant plants in the late Cretaceous and early Tertiary Periods.

2. Although the first fossils are no older than 135 million years, angiosperms probably arose much earlier, perhaps 200 million years ago.

3. Gene sequencing data indicates Amborella trichopoda, a small shrub from New Caledonia in the South Pacific may be the most primitive survivor. 

E.
Monocots and Eudicots

1.
Most flowering plants belong to one of two classes: Monocotyledones (65,000 species), called monocots, or the Eudicotyledones (175,000 species), called eudicots.
2.
The term eudicots is preferred to the earlier dicots; some former dicots are now known to have split off before the rise of these two major classes. 

3.
Monocots produce one cotyledon (seed leaf) at germination and have flower parts mostly in threes or multiples of threes.

4.
Dicots produce two cotyledons (seed leaves) at germination and have flower parts mostly in fours or fives, or multiples of these numbers.

F.
The Flower
1.
The peduncle, a flower stalk, expands slightly at the tip into a receptacle.  

2.
The receptacle is a modified stem tip to which flower parts are attached.

3.
Sepals are outer ring of modified leaves of flowers; usually green, they enclose the flower before it opens.

4.
Petals (collectively a corolla) are a ring of modified leaves inside of sepals; large and colorful, they help attract pollinators.

5.
Stamens consist of two parts: each slender filament has an anther at its tip.

6.
The anther produces pollen.

7.
At the center of the flower is the carpel; it consists of a stigma, style, and ovary.
a.
Carpels are modified sporophylls that contain ovules in which megasporangia are located.
b.
A stigma is a landing platform for pollen and the site where the pollen tube enters the style.
c.
The style is a slender column that holds up the stigma to receive pollen.

d.
Pollen grains develop a pollen tube that takes sperm to the female gametophyte in the ovule.

e.
Glands located in the region of the ovary produce nectar, a nutrient gathered by pollinators as they go flower to flower. 

G.
Flowering Plant Life Cycle 

1.
A megaspore located in an ovule within an ovary of a carpal develops into an egg-bearing female gametophyte called the embryo sac.

2.
Usually, the embryo sac has seven cells; one is an egg and one contains two polar nuclei. 

3.
Microspores produced in anthers become pollen grains which mature into sperm-bearing male gametophytes. 

4.
The mature male gametophyte consists of three cells; the tube cell and two sperm cells.

5.
Pollination brings the male gametophyte to the stigma where it germinates.

6.
During germination, the tube cell produces a pollen tube that carries the two sperm to the micropyle opening of an ovule.

7.
In double fertilization, one sperm fertilizes an egg and one sperm unites with polar nuclei to form the triploid endosperm.

8.
The ovule becomes the seed and contains the embryo (the sporophyte of the next generation) and stored food enclosed within a seed coat.

9.
A fruit is derived from an ovary and possibly accessory parts of the flower; some fruits are fleshy and some are dry.

H.
Flowers and Diversification

1.
Flower variety is related to the numerous means by which flowers are pollinated and fruits are dispersed.

2.
Inconspicuous flowers disperse pollen by wind; colorful flowers attract specific pollinators (e.g., bees, wasps, flies, butterflies, moths, and even bats) which carry only particular pollen.

3.
Flowers promote efficient cross pollination; they also aid in dispersal through production of fruits.

4.
There are fruits that utilize wind, gravity, water, and animals for dispersal.

5.
Since animals live in certain habitats or have particular migration patterns, they can deliver a fruit‑enclosed seed to a suitable location for germination and development.



I.
 Carboniferous Forests (Evolution reading)

1.
Coal is a fossil fuel that our industrial society runs on.

2.
Fossil fuel refers to the remains of organic materials from ancient times.

3.
During the Carboniferous period, more than 300 million years ago, a great swamp forest encompassed northern Europe, Ukraine, and the Appalacian Mountains.

4.
The forest consisted of giant lycophytes, horsetails, and ferns.

5.
Over time, water rose and trees fell. Sediment covered the decayed remains of the plants and sometimes changed to sedimentary rock.

6.
Since sedimentary rock applied pressure, the organic material then became coal.

7.
The change in climate brought upon the extinction of these trees, and only their herbaceous relatives survived time.

J.
Evolutionary History of Maize (Evolution reading)
1.
Maize was first cultivated in Central America approximately 7,000 years ago, with over 300 varieties.
2.
The six major varieties of corn can be traced back to teosinte, a wild Mexican grass.

a.
Teosinte kernels are wrapped in a hardened protective casing, which makes it difficult to make it readily available for consumption.

b.
Molecular biologists have discovered that changing particular genes in teosinte can alter the phenotype during domestication.

3.
Hunter gatherers selected desirable traits by collecting seeds that showed desirable traits, germinating those seeds, and collecting those seeds that showed desirable traits.

4.
A disadvantage of germinating selected seeds is that the gene pool, and genetic diversity would begin to decline.

5.
Maize domestication has resulted in maize dependence on humans for reproduction.


a.
Domesticated maize produces larger grain, increased amount of apical growth and loss of natural seed dispersal.
