
SEED PLANTS (plants part 2) 



Diversity of living green plant (Viridiplantae) divisions

Informal group Division name Common name No. of living species Approximate No. in 
informal group

Green algae
Chlorophyta green algae 

(chlorophytes) 3,800–4,300
8,500


(6,600–10,300)

Charophyta green algae (e.g. 
desmids & stoneworts) 2,800–6,000

Bryophytes
Marchantiophyta liverworts 6,000–8,000

19,000

(18,100–20,200)

Anthocerotophyta hornworts 100–200

Bryophyta mosses 12,000
Pteridophytes Lycopodiophyta club mosses 1,200 12,000


(12,200)
Pteridophyta ferns, whisk ferns & 

horsetails 11,000

Seed plants Cycadophyta cycads 160 260,000

(259,511)

Ginkgophyta ginkgo 1

Pinophyta conifers 630

Gnetophyta gnetophytes 70 

Magnoliophyta flowering plants 258,650
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Transforming the World
▪ Seeds changed the course of plant evolution, enabling their 

bearers to become the dominant producers in most terrestrial 
ecosystems 

▪ Seed plants originated about 360 million years ago 
▪ A seed consists of an embryo and nutrients surrounded by a 

protective coat 
▪ Seeds can disperse over long distances by wind or other means 



Seeds and pollen grains are key adaptations for 
life on land

▪ In addition to seeds, the following are common to all 
seed plants 
▪ Reduced gametophytes 
▪ Heterospory 
▪ Ovules 
▪ Pollen

Scanning electron microscope image (500x magnification) of pollen grains from a 
variety of common plants: sunflower (Helianthus annuus), morning glory (Ipomoea 
purpurea), prairie hollyhock (Sidalcea malviflora), oriental lily (Lilium auratum), 
evening primrose (Oenothera fruticosa), and castor bean (Ricinus communis).

Heterospory is the production of spores of two 
different sizes and sexes by the sporophytes of land 
plants. The smaller of these, the microspore, is male 
and the larger megaspore is female.



Advantages of Reduced Gametophytes
▪ The gametophytes of seed plants are microscopic  
▪ They develop within the walls of spores that are retained within tissues of 

the parent sporophyte 
▪ This arrangement protects the developing gametophyte from 

environmental stress and enables it to obtain nutrients from the sporophyte



Pollen and production of sperm and sperm nuclei
▪ A microspore develops into a pollen grain that consists of a male 

gametophyte enclosed within the pollen wall 
▪ Pollination is the transfer of pollen to the part of a seed plant containing 

the ovules 
▪ A germinated pollen grain produces a pollen tube that discharges sperm 

into the female gametophyte within the ovule 
▪ Pollen eliminates the need for a film of water and can be dispersed great 

distances by air or animals



The Evolutionary Advantage of Seeds

▪ If a sperm fertilizes the egg of a seed plant, the ovule will 
develop into a seed 

▪ A seed is a sporophyte embryo, along with its food supply, 
packaged in a protective coat

▪ Seeds provide some 
evolutionary advantages over 
spores 
▪ They may remain dormant for 

days to years, until conditions 
are favorable for germination 

▪ They have a supply of stored 
food 

▪ They may be transported long 
distances by wind or animals



Gymnosperms bear “naked” seeds, typically 
on cones
▪ Gymnosperms means “naked seeds” 
▪ The seeds are exposed on 

sporophylls that form cones 
▪ Angiosperm seeds are found in 

fruits, which are mature ovaries 
▪ Most gymnosperms are cone-

bearing plants called conifer



▪ The gymnosperms consist of four phyla: 
▪ Cycadophyta (cycads) 
▪ Ginkgophyta (one living species: Ginkgo biloba) 
▪ Gnetophyta (three genera: Gnetum, Ephedra, 

Welwitschia) 
▪ Coniferophyta (conifers, such as pine, fir, and redwood)



Phylum Cycadophyta 
▪ Individuals have large cones and 

palmlike leaves 
▪ Unlike most seed plants, cycads 

have flagellated sperm 
▪ These thrived during the 

Mesozoic, but most of the few 
surviving species are endangered 

Phylum Ginkgophyta 
▪ This phylum consists of a single 

living species, Ginkgo biloba 
▪ Like the cycads, this group also 

has flagellated sperm 
▪ It has a high tolerance to air 

pollution and is a popular 
ornamental tree



GYMNOSPERMS: Cycads and Ginkgo biloba

Environment Plant Group Anatomy Fertilisation
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Cycad revoluta

female plant showing seed
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Ginkgo biloba

microsporangia of male plant female megasporangia



Zamia

a. Staminate plant, b. 
Microsporophyll, c-d. 
Microsporangium.  A. Ovulate 
strobilis, B. Megasporophyll, 
C. Ovule with a megaspore 
mother cell, D. Linear tetrad 
of megaspores following 
meiosis, E. Pollination, F. 
Pollen tube from 
microgametophyte, G. 
Megagametophyte with 
several archegonia, H. 
Mature microgametophyte, I. 
Fertilization, J. Seed with 
embryo, K. Germinating seed.







ginkgo male microsporangii

ginkgo female megasporangii

water drops to catch pollen





cyad spermginkgo sperm



Phylum Gnetophyta 
▪ This phylum comprises three genera: Gnetum, Ephedra, and 

Welwitschia 
▪ Species vary in appearance, and some are tropical, whereas others 

live in deserts

Welwitschia, 1,000 years old
Namib desert

Gnetum, they are tropical 
evergreen trees, shrubs and lianas.

Ephedra, dry climate shrubs

Gnetophyta life cycle is 
similar to conifers



CONIFEROPHYTA
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There are over 1000 living species of gymnosperm. It is widely accepted that the gymnosperms originated in the 
late Carboniferous period (358-298Mya), replacing the lycopsid rainforests of the tropical region. This appears to 
have been the result of a whole genome duplication event around 319 million years ago.


Conifers are by far the most abundant extant group of gymnosperms with six to eight families, with a total of 
65-70 genera and 600-630 species (696 accepted names).

• Order Pinales

◦ Family Pinaceae: Cedrus, Pinus, Cathaya, Picea, Pseudotsuga, Larix, Pseudolarix, Tsuga, 

Nothotsuga, Keteleeria, Abies

• Order Araucariales


◦ Family Araucariaceae: Araucaria, Wollemia, Agathis

◦ Family Podocarpaceae: Phyllocladus, Lepidothamnus, Prumnopitys, Sundacarpus, 

Halocarpus, Parasitaxus, Lagarostrobos, Manoao, Saxegothaea, Microcachrys, 
Pherosphaera, Acmopyle, Dacrycarpus, Dacrydium, Falcatifolium, Retrophyllum, Nageia, 
Afrocarpus, Podocarpus


• Order Cupressales

◦ Family Sciadopityaceae: Sciadopitys

◦ Family Cupressaceae: Cunninghamia, Taiwania, Athrotaxis, Metasequoia, Sequoia, 

Sequoiadendron, Cryptomeria, Glyptostrobus, Taxodium, Papuacedrus, Austrocedrus, 
Libocedrus, Pilgerodendron, Widdringtonia, Diselma, Fitzroya, Callitris (incl. Actinostrobus 
and Neocallitropsis), Thujopsis, Thuja, Fokienia, Chamaecyparis, Callitropsis, Cupressus, 
Juniperus, Xanthocyparis, Calocedrus, Tetraclinis, Platycladus, Microbiota


◦ Family Taxaceae: Austrotaxus, Pseudotaxus, Taxus, Cephalotaxus, Amentotaxus, Torreya


The conifers



Sciadopitys verticillata, koyamaki or Japanese umbrella-pine, is a unique conifer endemic to Japan. 

It is the sole member of the family Sciadopityaceae and genus Sciadopitys, a living fossil with no close relatives, and present 
in the fossil record for about 230 million years. 



Oh, and .... about taxonomic classification
Invented by Swedish biologist, Carl Linnaeus (1707-1778)

Kingdom: Plantae

Division: Pinophyta

Class: Pinopsida

Order: Pinales

Family: Pinaceae

Subfamily: Pinoideae

Genus: Pinus 

Species: sylvestris

Pinus sylvestris L.

Binomial nomenclature; Scientific classification; Taxonomy

Carl Linnaeus was a Swedish botanist, physician, and zoologist who formalised binomial nomenclature, the modern 
system of naming organisms. He is known as the "father of modern taxonomy"



The Life Cycle of a Pine

▪ Three key features of the gymnosperm life cycle are 
▪ miniaturization of their gametophytes 
▪ production of seeds, a dispersible stage in the life cycle 
▪ the transfer of sperm nuclei to ovules by pollen 

▪ The life cycle of a pine provides an example
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Figure 30.4a_1
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Note: micro- and megasporangia are now on one plant, though still separated.
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Figure 30.4a_3
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Figure 30.4b_1
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Note: it takes as much as 12-14 months for the pollen tube to grow and fertilize the egg nucleus, 
so the reproductive process occurs over a two year cycle.



Figure 30.4b_3
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ANGIOSPERMS (seeds enclosed)
▪ Angiosperms are seed plants with reproductive structures called flowers 

and fruits 
▪ They are the most widespread and diverse of all plants

Magnolia fraseri Snake gourd (Trichosanthes cucumerina) 



Diversity of living green plant (Viridiplantae) divisions

Informal group Division name Common name No. of living species Approximate No. in 
informal group

Green algae
Chlorophyta green algae 

(chlorophytes) 3,800–4,300
8,500


(6,600–10,300)

Charophyta green algae (e.g. 
desmids & stoneworts) 2,800–6,000

Bryophytes
Marchantiophyta liverworts 6,000–8,000

19,000

(18,100–20,200)

Anthocerotophyta hornworts 100–200

Bryophyta mosses 12,000
Pteridophytes Lycopodiophyta club mosses 1,200 12,000


(12,200)
Pteridophyta ferns, whisk ferns & 

horsetails 11,000

Seed plants Cycadophyta cycads 160 260,000

(259,511)

Ginkgophyta ginkgo 1

Pinophyta conifers 630

Gnetophyta gnetophytes 70 

Magnoliophyta flowering plants 258,650
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Traditionally, the flowering plants are divided into two groups 


• Dicotyledoneae or Magnoliopsida (dicots)

• Monocotyledoneae or Liliopsida (monocots)


Seed coat

  Endosperm

    Single cotyledon

      Leaf sheath

First true
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Embryonic

root


First leaf

Leaf 

sheath

Seed coat
First true leaves

Two cotyledons

Two cotyledonsParallel

veins

Leaf sheath

Netlike 

veins

Seed coat

Fibrous 

roots

Tap root

Withering

cotyledons

Dicotyledon (example: bean)Monocotyledon (example: corn)




Epigeal - the 
cotyledons come 
out of the ground 
into the light

Hypogeal - the 
cotyledons stay in 
the ground



Monocotyledon: First green part to emerge is called the coleoptile.
Dicotyledon: note how the hypocotyl hook pushes up.



Bean emergence and growth over 25 days



There are eight groups of living angiosperms: 

• Basal angiosperms (ANA: Amborella, Nymphaeales, Austrobaileyales)


◦ Amborella, a single species of shrub from New Caledonia


◦ Nymphaeales, about 80 species, water lilies and Hydatellaceae


◦ Austrobaileyales, about 100 species of woody plants from 
various parts of the world


• Core angiosperms (Mesangiospermae)


◦ Chloranthales, 77 known species of aromatic plants with toothed 
leaves


◦ Magnoliids, about 9,000 species, characterized by trimerous 
flowers, pollen with one pore, and usually branching-veined 
leaves—for example magnolias, bay laurel, and black pepper


◦ Monocots, about 70,000 species, characterized by trimerous 
flowers, a single cotyledon, pollen with one pore, and usually 
parallel-veined leaves—for example grasses, orchids, and palms


◦ Ceratophyllum, about 6 species of aquatic plants, perhaps most 
familiar as aquarium plants


◦ Eudicots, about 175,000 species,  characterized by 4- or 5-
merous flowers, pollen with three pores, and usually branching-
veined leaves—for example sunflowers, petunia, buttercup, 
apples, and oaks.


The monoctoyledonous plants are found in one phylum, but the 
dicotyledonous plans are polyphyletic (most species are in the eudicots)

connectivity still under study ...
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Amborella is a rare understory shrub or small tree found only on the island of New 
Caledonia.


Amborella trichopoda is the only species in the genus, and is the only member of the 
family Amborellaceae.


It was known for some time already, that Amborella wood has a peculiar character – it 
lacks the vessels characteristic of most flowering plants.


This lack of vessels is a trait that is more typically associated with conifers, and is 
therefore thought to be a primitive trait in the evolution of plants in general.


Flowers are on different plants (dioecious).


Female flower Male flower

Amborella, a single species of shrub from New Caledonia
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Wild water lilies in north America

Nymphaeales, about 80 species,  water lilies and Hydatellaceae

Hydatellaceae.  Trithuria submersa, 

South Australia
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Illicium verum is a medium-sized evergreen tree native to northeast Vietnam 
and southwest China. A spice commonly called star anise or badiane that 
closely resembles anise in flavor is obtained from the star-shaped pericarps 
of the fruit of I. verum which are harvested just before ripening. 


Star anise oil is a highly fragrant oil used in cooking, perfumery, soaps, 
toothpastes, mouthwashes, and skin creams. 


About 90% of the world's star anise crop is used for extraction of shikimic 
acid, a chemical intermediate used in the synthesis of oseltamivir (Tamiflu). 

Austrobaileyales, about 100 
species of woody plants from 
various parts of the world
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The monoctoyledonous plants are found in one phylum, but the 
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There are eight groups of living angiosperms: 


• Basal angiosperms (ANA: Amborella, Nymphaeales, Austrobaileyales)


◦ Amborella, a single species of shrub from New Caledonia


◦ Nymphaeales, about 80 species, water lilies and Hydatellaceae


◦ Austrobaileyales, about 100 species of woody plants from 
various parts of the world


• Core angiosperms (Mesangiospermae)


◦ Chloranthales, 77 known species of aromatic plants with toothed 
leaves


◦ Magnoliids, about 9,000 species, characterized by trimerous 
flowers, pollen with one pore, and usually branching-veined 
leaves—for example magnolias, bay laurel, and black pepper


◦ Monocots, about 70,000 species, characterized by trimerous 
flowers, a single cotyledon, pollen with one pore, and usually 
parallel-veined leaves—for example grasses, orchids, and palms


◦ Ceratophyllum, about 6 species of aquatic plants, perhaps most 
familiar as aquarium plants


◦ Eudicots, about 175,000 species,  characterized by 4- or 5-
merous flowers, pollen with three pores, and usually branching-
veined leaves—for example sunflowers, petunia, buttercup, 
apples, and oaks.


https://en.wikipedia.org/wiki/Amborella
https://en.wikipedia.org/wiki/New_Caledonia
https://en.wikipedia.org/wiki/Nymphaeales
https://en.wikipedia.org/wiki/Nymphaeaceae
https://en.wikipedia.org/wiki/Hydatellaceae
https://en.wikipedia.org/wiki/Austrobaileyales
https://en.wikipedia.org/wiki/Woody_plant
https://en.wikipedia.org/wiki/Mesangiospermae
https://en.wikipedia.org/wiki/Chloranthales
https://en.wikipedia.org/wiki/Magnoliids
https://en.wikipedia.org/wiki/Merosity
https://en.wikipedia.org/wiki/Magnolia
https://en.wikipedia.org/wiki/Bay_laurel
https://en.wikipedia.org/wiki/Black_pepper
https://en.wikipedia.org/wiki/Monocots
https://en.wikipedia.org/wiki/Cotyledon
https://en.wikipedia.org/wiki/Poaceae
https://en.wikipedia.org/wiki/Orchid
https://en.wikipedia.org/wiki/Arecaceae
https://en.wikipedia.org/wiki/Ceratophyllum
https://en.wikipedia.org/wiki/Aquatic_plant
https://en.wikipedia.org/wiki/Aquarium
https://en.wikipedia.org/wiki/Eudicots
https://en.wikipedia.org/wiki/Flowering_plant#cite_note-palmer-17
https://en.wikipedia.org/wiki/Sunflower
https://en.wikipedia.org/wiki/Petunia
https://en.wikipedia.org/wiki/Buttercup
https://en.wikipedia.org/wiki/Apple
https://en.wikipedia.org/wiki/Oak


Chloranthales, 77 known species of aromatic plants with toothed leaves

Sarcandra glabra is a herb native to Southeast Asia. 
It is also known as herba sarcandrae or glabrous 
sarcandra herb. 


Aromatic oils may be extracted from the leaves. The 
entire plant has anti-stress, antioxidant, anti-
inflammatory, detoxifying, blood activating, and anti-
bacterial effects
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Magnoliids, about 9,000 species, characterized by trimerous flowers, pollen 
with one pore, and usually branching-veined leaves—for example magnolias, 
bay laurel, and black pepper;

Magnolia liliiflora

Camphor laurel tree, Cinnamomum camphora, popular in Japan
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Zea mays Cymbidium sp.

Monocots, about 70,000 species, characterized by trimerous 
flowers, a single cotyledon, pollen with one pore, and usually 
parallel-veined leaves—for example grasses, orchids, and palms
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Ceratophyllum demersum
A) Shoot in aquatic environment. 

(B) Vegetative buds covered with prophylls, in the axil of a leaf. 

(C) Staminate fl ower consisting of numerous stamens and surrounding bracts. 

(D) Pistillate fl ower consisting of only one pistil with long stigma and surrounding bracts. 
b, bract; l, leaf; p, prophylls; st, stamen; sti, stigma. 

Scale bars = 1 cm (A); 500 μm (B–D). 


Ceratophyllum, about 6 species of aquatic plants, perhaps most 
familiar as aquarium plants
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wild rose
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Eudicots, about 175,000 species, characterized by 4- or 5-merous flowers, pollen with 
three pores, and usually branching-veined leaves—for example sunflowers, petunia, 
buttercup, apples, and oaks.
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▪ A flower is a specialized shoot with up to four types of modified leaves 
called floral organs: 
▪ Sepals, which enclose the flower  
▪ Petals, which are often brightly colored to attract pollinators; wind-

pollinated flowers generally lack brightly colored parts 
▪ Stamens, the male reproductive organs 
▪ Carpels, the female reproductive organs



▪ A stamen consists of a stalk called a filament, with a sac called an 
anther 

▪ Microspores, which are produced in the anthers, develop into pollen 
grains containing the male gametophytes



lily pollen

Dandelion pollen

Eye of a honey bee (Apis mellifera) covered in dandelion pollen

Pollen grains of Oenothera biennis
Rose of Sharon pollen grain



▪ A carpel consists of an ovary at the base of a style leading up to a sticky stigma, where 
pollen is received 

▪ The ovary contains the female gametophyte(s) within the ovule(s)  
▪ Fertilized ovules develop into seeds 
▪ The term pistil can be used to refer to a single carpel or two or more fused carpels

Traxacum officinale (dandelion) cross section showing curved stigma with pollen





Central region of a 
Geranium 
robertianum flower 
showing a folded 
up stigma 
encircled by pollen 
covered anthers

Pollen tubes on 
stigma and style of 
a cross-pollinated 
Cephaelus Elata



A binucleate angiosperm pollen 
grain containing a generative 
nucleus and a tube nucleus. 
After the pollen grain 
germinates into a pollen tube, 
the generative nucleus divides 
into two sperm nuclei. Because 
the generative nucleus and 
sperm nuclei contain 
cytoplasmic sheaths, they are 
often referred to as cells in 
some textbooks. The tube 
nucleus controls the growth of 
the pollen tube as grows down 
the style and into the ovary of a 
flower. 



Microscopic view of the embryo sac 
(megagametophyte) of a lily (Lilium). 
Three haploid antipodal cells (1) occur 
at the upper end of the emryo sac. A 
large endosperm mother cell containing 
two haploid polar nuclei (2) occupies 
the central portion of the embryo sac. 
At the lower end (nearest the micropyle 
and funiculus) are two haploid synergid 
cells (3) and one haploid egg. The 
embryo sac contains a total of seven 
cells and eight nuclei. Together with 
the pollen grain + pollen tube, this is 
the entire gametophyte generation of a 
flowering plant life cycle. The 
sporophyte generation includes the 
stems, leaves, roots, flowers, fruits and 
seeds. 



The pollen tube penetrates the micropyle of an ovule and releases its two sperm 
into the 8-nucleate embryo sac. During double fertilization, one sperm fuses with 
the egg nucleus to form a zygote. The other sperm fuses with the two polar nuclei 
inside the endosperm mother cell to form the endosperm. 

Polar
nuclei



Animation: Plant Fertilization

Pollen vector mechanisms for cross-pollination:
 wind, water, insects, birds and larger animals

Zygote is 2n
Endosperm is 3n



Animation: Seed Development



▪ Flowers are variable in shape, size, color, and odor 
▪ For example, some flowers have radial symmetry, 

while others have bilateral symmetry 
▪ In radial symmetry, any imaginary line through the 

central axis divides the flower into two equal parts 
▪ In bilateral symmetry, a flower can only be divided into 

two equal parts by a single imaginary line 



Sepal

Radial symmetry 
(daffodil)

Fused petals

Bilateral symmetry 
(orchid)



Fruits

▪ A fruit is formed when 
the ovary wall thickens 
and matures 

▪ Fruits protect seeds 
and aid in their 
dispersal 

▪ Mature fruits can be 
either fleshy or dry 

Tomato

Ruby grapefruit

Nectarine

Hazelnut

Milkweed



▪ Various fruit adaptations 
help disperse seeds 

▪ Seeds can be carried by 
wind, water, or animals 
to new locations

Mechanisms that 
disperse seeds by 
explosive action

Wings

Seeds within 
berries and 
other edible 
fruits

Barbs




