Biology 11 - Kingdom Plantae Notes


The evolution of eukaryotes
Review:
	Prokaryotes

· chromosome ring

· no nucleus – DNA loose in cytoplasm

· no membrane-bound organelles
	Eukaryotes

· chromosome strand

· nucleus separates DNA from cytoplasm

· membrane-bound organelles


How did eukaryotic cells evolve?
· prokaryotic cells are the first organisms – around 3.8 billion years ago

· eukaryotes appear around 1.5 billion years

The endosymbiotic theory
1. nucleus and organelles came from an infolding of the cell membrane
2. mitochondria and chloroplasts come from symbiotic bacteria that lost the ability to exist on their own

· mitochondria came from aerobic chemoheterotrophs

· chloroplasts came from photoautotrophs
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Evidence for the theory
· the nuclear membrane has the same structure as the cell membrane 

· both mitochondria and chloroplasts can only come from pre-existing mitochondria and chloroplasts

· they both have their own genetic material – in the shape of a RING

Characteristics of the plants

1. eukaryotic

2. photoautotrophic

3. some algae are unicellular, but all true plants are multicellular

4. have cell walls containing cellulose

5. strong alternation of generations

Plant cells differ from animal cells in several respects:

· cell wall made of cellulose

· chloroplasts

· large fluid-filled vacuoles

· cells are joined by tiny channels called plasmodesmata

· lack centrioles
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Photosynthesis reaction:

CO2 + H2O → O2 + C6H12O6

carbon dioxide + water → oxygen + sugar

· photosynthesis provides the cell with sugar, which is its source of carbon for organic molecules

Chloroplasts

chloroplast = organelle in which photosynthesis occurs

· surrounded by a pair of membranes

· inside the membranes is a fluid-filled space called the stroma

· suspended in the stroma are stacks of pancake-like thylakoids, the true site of photosynthesis
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Photosynthetic pigments

· plants get their green colour from photosynthetic pigments within the thylakoids

· pigments absorb certain wavelengths of light and use this energy to create chemical energy

· the most important pigments in plants are chlorophylls a and b, which absorb red and blue light
Haploid vs. diploid
haploid = having half the chromosome number, abbreviated “n”

diploid = having the total chromosome number, abbreviated “2n”

e.g. in humans there are 46 chromosomes, so 2n=46, and n=23 in the gametes

Alternation of generations

alternation of generations = life cycle includes both haploid and diploid organisms

· sporophyte = diploid, makes haploid spores that become a haploid plant

· gametophyte = haploid, makes haploid gametes that become a diploid zygote, forming the sporophyte again
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Generations in animals

· in animals there is no lengthy haploid generation

· animals are diploid; meiosis occurs within their gonads to produce haploid gametes

· gametes soon join to create a new zygote

Green algae

· classified in Phylum Chlorophyta

· marine and fresh water

· probably the ancestors of true plants, they share:

1. cellulose cell walls

2. chlorophylls a and b are dominant photosynthetic pigments
3. storage of food as starch

Multicellularity

multicellular = organisms made of more than one cell, with cells specialised for different functions that cannot survive alone

tissues = a group of cells that perform the same function

· multicellular organisms are formed of several tissues, each with its own specialised function

Anatomy of Ulva

· forms a flat lettuce-like frond that is only two cells thick

· attaches to rocks and other objects with a small circular holdfast

· the haploid and diploid phases are nearly identical

Life cycle of Ulva

· separate male and female gametophytes, which produce:

· male gamete = sperm

· female gamete = egg

· gametes unite to form zygote, which grows into sporophyte

· sporophyte makes spores, which grow into gametophytes
















Ancestors of land plants

· the green alga Chara is probably most closely related to true plants

· this has been supported recently by studies of its DNA

Challenges of living on land

Early land plants faced challenges:

· water: need to avoid drying out

· support: gravity becomes an issue

· transport: large size forced plants to develop a ‘circulatory system’ 

· anchorage: resist the wind

Water

cuticle = waxy layer covering the outer surface of land plants

· cuticle is the plant’s most important protection against drying out 

· cuticle covers the entire surface of the plant and prevents water from leaving



Stomata

· gases cannot pass through the cuticle, this is occurs through openings called stomata

· each stoma is surrounded by two guard cells

· to open the stoma, the guard cells swell with water and bulge away from each other

Transpiration

transpiration = evaporation of water vapour through the stomata

· stomata must be open while the sun is up to allow CO2 in and O2 out

· but opening stomata allows water vapour to leave the plant

· a large tree can lose hundreds of litres on a hot, dry day!

Support

· land plants were no longer supported by water

· supportive tissues evolved from vascular tissue to hold them up against gravity

· plants are the tallest living organisms, as high as 150 metres

Transport

vascular tissue = cells that transport fluids and nutrients within the plant

· functions like a plant’s ‘circulatory system’

· vascular tissue is not found in early land plants, like mosses

Anchorage

· living on land means being exposed to storms and winds

· early plants attach themselves with rhizoids, higher plants with roots

· rhizoids simply hold onto the ground, while roots have the ability to absorb water and nutrients from the soil
The mosses

· classified in Phylum Bryophyta

· live in moist, shady habitats

· lack vascular tissue, and so are called nonvascular plants

· generations are very different

Gametophyte anatomy

· because they lack vascular tissue, mosses do not have true roots, leaves or stems:

roots = rhizoids

stem = ‘stem’

leaves = ‘leaves’ that are only one cell thick

· gametophyte develops from a small branching phase called a protonema

Sporophyte anatomy

· the sporophyte anchors itself in the top of the gametophyte

· consists of a sporangium held on the end of a long thin stalk

sporangium = reproductive organ where spores are formed through meiosis

Moss life cycle

· the haploid gametophyte is the dominant generation

· the sporophyte grows from the fertilised egg directly out of the tip of the gametophyte

· the sporophyte produces haploid spores and dies

Moss life cycle

· at the tips of the gametophytes are:

archegonium = female reproductive organ, produces an egg

antheridium = male reproductive organ, produces the sperm

· the sperm must swim through a film of water to fertilise the egg



· Vascular plants

· have vascular tissue, and true roots, stems and leaves

· sporophyte becomes the dominant generation; the gametophyte is steadily reduced

· vascular tissue allows these plants to become much larger

· most living plants are vascular

Vascular tissue

· vascular tissue is composed of two kinds of cells:

· xylem = dead cells that carry water

· phloem = living cells that carry sugar and other nutrients

Xylem

· formed by cells called tracheids arranged end to end in continuous rows, forming long hollow tubes

· tracheids cell walls contain lignin,  organic compounds that make them strong and water resistant

· xylem thus has two functions:

· supporting the plant

· carrying water

Xylem function

· water in the xylem flows upward from the roots, against gravity

· transpiration causes a suction which pulls water up the plant, this is called transpirational pull

· water molecules stick together and this suction forms through the entire xylem









Phloem

· there are two kinds of cells:

· sieve tubes = cells with greatly enlarged plasmodesmata at either end called sieve plates

· companion cells = accessory cells connected to sieve tubes by plasmodesmata

Phloem function

· fluid flows from cell to cell within the sieve tubes through sieve plates

· sieve tube cells are highly specialised to carry the fluid, and are fed by the companion cells 

· unlike xylem, phloem flow changes directions according to the source and destination of the sugar

Anatomy of vascular plants

· vascular plants have three general tissue types:

· epidermis = outer layer of cells, forms cuticle and stomata

· ground tissue = middle layer with photosynthetic and storage cells

· vascular tissue = xylem and phloem in separate bundles

Stems

· organ above the ground:

· epidermis = thick cuticle layer and usually stomata

· ground tissue = photosynthetic cells, can be replaced by bark

· vascular tissue = vascular bundles, can be expanded into wood

Roots

· organ below the ground:

· epidermis = forms root hairs for absorbing water, lacks a cuticle

· ground tissue = stores food as starch

· vascular tissue = vascular bundles, can be expanded into wood

Leaves

· organs at the tips of the stem:

· epidermis = thick cuticle and many stomata

· ground tissue = photosynthetic mesophyll cells

· vascular tissue = vascular bundles in veins through the leaf


















Early vascular plants

· the first vascular plants appear in the early Devonian, about 400 million year ago

· tiny plant Cooksonia may represent the first vascular plant
Ferns

· classified in Phylum Pteridophyta

· first fully vascular plants

· prefer moist environments

· sporophyte is the dominant generation

Gametophyte anatomy

prothallus = small heart-shaped gametophyte of ferns

· has rhizoids instead of roots

· bears antheridia towards the edges of the heart and archegonia at the centre

Sporophyte anatomy

· fern sporophyte is the large, leafy organism we all recognise

· each frond is a single leaf growing from the rhizome

· rhizome bears roots

rhizome = a horizontal stem that grows underground



Sporophyte anatomy

· each sporangium is circled by a row of thickened cells called the annulus

· when the annulus dries out, it contracts and tears open the sporangium, releasing the spores

· sporangia are found on the bottom surface of the leaf, grouped into clusters called sori

Fern life cycle

· antheridia produce flagellated sperm which must swim to the egg in the archegonium

· the sporophyte develops directly out of the archegonium, stuck in the prothallus


The seed plants

· most diverse living plants

· sporophyte generation is completely dominant

Key innovations of seed plants:

· the seed – life cycle is modified to remove dependence on water

· secondary vascular tissue – allows plants to form large trees

Life cycle of seed plants

· in seedless plants, there is one kind of spore that grows into gametophytes with male and female organs

· in seed plants, there are two different spores in two different sporangia, which grow into separate male and female gametophytes

Life cycle of seed plants

Female: 

megasporangium ( megaspore ( megagametophyte

Male: 

microsporangium ( microspore ( microgametophyte

The gametophyte

· the gametophytes of seed plants are tiny: they are never bigger than the seed itself

· microgametophyte = pollen grain

· megagametophyte = ovule, and forms much of the seed



The microgametophyte (pollen)

Each pollen grain contains:

· generative cell = divides to form two non-flagellated sperm

· tube cell = forms the pollen tube

· pollen wall = tough outer layer that protects the cells and prevents them from drying out

sporopollenin = resistant organic compound in the wall of pollen

The megagametophyte (ovule)

Each ovule contains:

· egg = female gamete

· integument = tissue which surrounds and protects the egg, remnant of the megasporangium

· micropyle = opening in the integument where pollen grains collect

Fertilisation

· pollen grains are released and land on the micropyle of the ovule

· tube cell grows down into the ovule, forming the pollen tube

· sperm are carried down the pollen tube to the egg, and fertilisation occurs

Life cycle summary:

	
	Mosses
	Ferns
	Seed plants

	Gametophyte
	large, independent
	small, independent
	small, dependent

	Sporophyte
	small, dependent
	large, independent
	large, independent


The seed
· the seed is a complex structure that protects and nourishes the young sporophyte
· it also assists in dispersing the sporophyte
· seeds vary greatly in size: smallest are just micrograms each (orchids), largest are 15-30kg (Coco de mer)
The seed contains 3 things:
1. a developing sporophyte embryo
2. nutrients for the embryo
3. seed coat
The embryo
The embryo consists of three parts:
1. cotyledon(s) = embryonic leaf or leaves
2. hypocotyl = carries the cotyledon(s) up out of the seed, develops into the stem
3. radicle = first part of the embryo to leave the seed coat, grows down and forms into the root
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Seed nutrition
· in gymnosperms, the embryo is fed by the remnants of the ovule
· in angiosperms, the embryo is fed by a special tissue called endosperm
· both provide the embryo with the food it needs to establish roots and leaves
The seed coat
· seed coat develops from the integument of the ovule
· can be very thin (e.g. peanut), or very thick (e.g. coconut)
· protects the seed from injury and from drying out, and is adapted to the dispersal method of the seed
Dispersal
Pollen and seeds are dispersed in several ways:
1. wind – many fine hairs or wings to increase surface area and catch the wind
2. water – floating seeds that are carried by rivers or ocean waves
3. animals – may attach to animals with hooks or barbs, or produce tasty flesh to get eaten
Seed germination
· the embryo within a seed is dormant
· when conditions are favourable, the embryo becomes active and begins to grow
· germination may require water, light, or other factors such as fire or digestion by animals
Importance of seeds
· seeds allow plants to spread quickly over enormous areas
· they also protect against extreme conditions such as drought or fire
· the majority of human calories come from seeds: beans, grains, nuts
· cotton is a seed coat
Secondary vascular tissue
· seed plants can achieve huge sizes due to a second kind of vascular tissue:
primary vascular tissue = vascular tissues formed by normal upward growth of the plant

secondary vascular tissue = vascular tissues formed by the vascular cambium

Vascular cambium
· at the centre of every vascular bundle is a layer called the vascular cambium
· the layer is actively dividing, forming new cells to the inside and outside of the bundle
· found in both the stem and root
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Secondary xylem
· secondary xylem is formed by the vascular cambium towards the inside of the stem
· eventually the stem is filled with secondary xylem, and new growth forces the stem to expand in size
Secondary phloem
· secondary phloem is formed by the vascular cambium towards the outside of the plant
· as the stem increases in diameter, the layer of secondary phloem expands   with it
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Wood
· wood is mostly secondary xylem
· it is thus made up of tracheids, strengthened by lignin
· primary support for large trees
· rings form in wood once a year because growth is rapid in spring and slows down in fall
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Importance of wood
· wood is the most important building material world-wide, only recently surpassed by concrete
· wood is burned as a source of heat in many parts of the world
wood is also pulverised into fiber to make paper
Gymnosperms
· not a single group, but several
· all are seed plants
· all have secondary vascular tissue
· includes the oldest (4,500 years) and largest (85 m tall) living trees
Gymnosperm life cycle
· gametophytes found in special structures called cones
· in most groups there are separate male and female cones
· gymnosperm means “naked seed:” the seeds are not covered in a protective layer
· both pollen and seeds are usually dispersed by wind
· seeds develop from ovules located within the female cones
· pollination and growth of the pollen tube can sometimes take several years
Conifers
· most successful living gymnosperms
· from small bushes to huge trees
· leaves are needle-like
· contain a lot of secondary vascular tissue
· most trees have both male and female cones
Other gymnosperms: Ginkgo
· distinctive bilobed leaf
· grows into a small tree
· can live to be extremely old, a Chinese tree is over 3,000 years
· nearly went extinct, living trees were discovered in China in 1690
· the seeds are eaten as food, though the raw tissue is mildly poisonous
Other gymnosperms: Cycads
· small plants with stout trunks and palm-like leaves
· found widely in tropical areas
· were extremely successful during the time of the dinosaurs
· nitrogen-fixing bacteria in their roots produce a nerve toxin found in the seeds
Other gymnosperms: Oddballs
Welwitschia
· stubby trunk with two strap-like leaves that grow continuously
· found only in the Namib desert
Ephedra
· small bush a.k.a. Mormon tea
· contains the compound ephedrine, a powerful stimulant
Gymnosperm ecology
· evolution of the seed allows them to live in the driest environments
· conifers are some of the most important forest trees on Earth: providing wood for humans and habitat for millions of other species
An example gymnosperm: Pinus
· conifers
· grow to large trees
· lots of secondary vascular tissue, very important source of lumber
· native to the northern hemisphere, but are invasive elsewhere
Sporophyte anatomy
· leaves are needles
· needles are arranged in bundles of 2-12 depending on the species
· tissues of stem and leaf contain resin ducts
resin duct = channels that secrete the thick, sticky sap
· sap probably deters predators and helps to heal wounds
Cone anatomy
· there are separate microsporangiate (male) cones and megasporangiate (female) cones
· cones are made of many scales arranged in a spiral 
· the male cone is small, with each scale carrying a microsporangium filled with pollen grains
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Female cone
· the female cone has two different scales:
1. seed scale = scale on which the megasporangium and eventually the seed is located
2. bract scale = scale beneath the seed scale which forms the outer surface of the cone
Seeds
· pine seeds develop in pairs on each seed scale
· most seeds have wings which assist in wind dispersal
· some pines have a nut-like seed which encourages animal dispersal
Pine life cycle
· the complete alternation of generations takes several years:
1. cones grow and gametophytes develop within sporangia
2. wind carries pollen to the micropyle of the ovule
3. pollen tube grows and fertilises the egg
4. female cone matures and releases seeds
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Angiosperms – the flowering plants
· classified in Phylum Magnoliophyta

· all are seeds plants

· secondary vascular tissue found only in some species

· most successful and diverse of all plants: 250,000-400,000 species

Monocots vs. dicots
· two main angiosperm groups:
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Angiosperm innovations
· angiosperms owe their success to several innovations:
1. vessel elements = a new type of xylem tissue, large cells with perforated ends like sieve tubes
2. flower = a complex reproductive structure containing male and female organs
Angiosperm life cycle
· usually male and female sporangia are found on the same flower
· gametophytes develop within flower
· angiosperm means “covered seed:” the seed is covered by an extra layer derived from the ovary
· both pollen and seeds are often dispersed by animals
Angiosperm life cycle
· two sperm are delivered to the ovule by the pollen tube:
1. one sperm fertilises the egg
2. other sperm fertilises a pair of ovule nuclei, forming endosperm
endosperm = seed nutrition made of triploid ovule tissue

double fertilisation = fertilisation producing both zygote and endosperm
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Angiosperm life cycle
· many ovules are found within the ovary of the flower
· the ovary develops into the fruit, and so contains many seeds
· pollination and maturation of the seed and fruit all occur within one year, making a very rapid life cycle
Flower anatomy
sepal = green leaves at the base of the flower
petal = colourful leaves surrounding the reproductive parts of the flower
stamen = male reproductive parts of the flower
anther = cluster of microsporangia, where pollen develops
filament = stalk that carries the anther
Flower anatomy
carpel = female reproductive parts of the flower
stigma = end of the carpel, usually sticky to collect pollen
style = long stalk between the stigma and ovary, contains a channel which helps the pollen tube reach the ovule
ovary = chamber at the base of the carpel, contains the ovules
                      
[image: image10]
Fruit
· fruits are formed from the ovary
· there are several kinds:
1. berry – a single fleshy layer
2. nut – a hardened layer surrounding one or two seeds
3. drupe – seeds in a tough pit surrounded by flesh
4. pome – seeds in a leathery layer surrounded by flesh
Angiosperm diversity
Families of angiosperms ranked by number of species:
1. Orchidaceae: orchids 25,000
2. Asteraceae: daisies 22,000
3. Fabaceae: peas 20,000
4. Rubiaceae: madder 13,000
5. Poaceae: grass 10,000
Angiosperms as food
· angiosperms are the most important source of human food
· the grasses, including rice, corn and wheat, provide half of our calories and make up 70% of all crops
· livestock also derive most of their forage from flowering plants
An example angiosperm: Lilium
· a monocot
· prefer to grow in woodlands and grasslands
· native to north temperate climates
· grown primarily as decoration, but some are consumed as food
Sporophyte anatomy
· plant grows from a bulbous modified stem called a bulb
· the bulb has roots at its base, and survives underground over winter
· each year the plant grows a new stem, leaves, and flowers, which die off in the fall
· flowers are borne on a tall stem
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Life cycle of Lilium
· complete alternation of generations takes only one year:
1. flower matures
2. pollen is carried to the stigma
3. pollen tubes grow down the style to the ovary and into the ovules
4. double fertilisation produces zygote and endosperm
5. seeds mature and are released
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