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Plants provide products and services
Food production

Plants provide products and services
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Plants were domesticated independently at many locations (b) ARTIFICIAL SELECTION CHANGES THE TRAITS OF
DOMESTICATED SPECIES.
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Plants provide products and services
Ecosystem services

€Oy in atmosphers

Cellular respiration

Photosynthesis

Plants, algae,
cyanobacteria

* reduce flooding
* purify water

deforesté_d

* recycle CO,, water, nutrients
* produce O,

forested

* prevent erosion, soil loss
* moderate local climate

Glaucophyta (glaucophyte algae)
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Glaucophyta (glaucophyte algae)

Rhodophyta (red algae)
GREEN PLANTS

GREEN ALGAE
Ulvophyceae (ulvophytes)

plants

Coleoch phyceae ( haetes)

Chloroplasts containing
chlorophyll a+ b
and B-carotene

Common ancestor| .¢
to all green plants

NON-VASCULAR PLANTS

Charaphyceae (stoneworts)
LAND PLANTS

phyta (liverworts)
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Ability to live on land

Cladcs

Traditional groupings
“Grades”

Bacteria Vascular tissue

Archaea

g r Eukarya

SEEDLESS PLANTS

Bryophyta (mosses)
Anthocerophyta (hornworts)
VASCULAR PLANTS

Lycophyta (lycophytes)
Psilotophyta (whisk ferns)
Equisetophyta (horsetails)

Pteridophyta (ferns) L
SEED PLANTS
GYMNOSPERMS

Cycadophyta (cycads)
Ginkgophyta (ginkgo)
Redwood group (junipers et al.)

Pinophyta (pines et al.)

Seeds

* evolutionary transition from water to land
* shift toward dominance of the sporophyte

Gnetophyta (gnetophytes)
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“Green algae” — paraphyletic, basal to land plants

Green algae are strictly aquatic.
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“Green algae” — paraphyletic, basal to land plants “Green algae” — paraphyletic, basal to land plants

Red algae

[ted algae

E) Non-vascular plants
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[ted algae

“Nonvascular plants” — gametophyte dominated

[] Gametophyte (n)
Gametophyte [ sporophyte (2n)

Sporophyte

“Nonvascular plants” — paraphyletic, basal land plants

REPRODUCTIVE INNOVATIONS:
* complex gametangia
* nourished embryos

2) reproductive features

—
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Transfer cells 5 Moss

(non-vascular)

Retention of nourished embryo f

Complex gametangia—thick walled

Retention of zygote on parent spores
Simple gametangia--thin walled spores
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Vascular plants - less dependent on availability Vascular plants - less dependent on availability of water

ed algae
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Vascular plants — shift toward sporophyte-dominated life cycle Evolutionary transition from water to land

[] Gametophyte (n) Sporophyte
[] sporophyte (2n)
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(a) Sporophyte dependent (b) Large sporophyte and o g a
on gametophyte small, independent & u
(e.g., bryophytes) gametophyte (e.g., ferns) o 8
4
w —
Moss Fern n ability to protect/
(non-vascular) (seedless vascular plants) | \ disperse offspring
I ability to conduct
water through tissues
| RN ability to resist
water loss

: \ chlorophyll a&b, B-carotene

Seed plants - largely independent of water

Angiosperms (Phylum Anthophyta)
» 235,000+ species!

Seed plants - largely independent of water

Gymnosperms
* “naked seeds”
* 4 extant phyla, monophyletic

« flowers and fruits: complex interactions
with animal dispersers

[Welwitschia mirabilis

e




Seed plants - largely independent of water

STRUCTURAL INNOVATIONS:
* wood
- vessel elements

~—

SEED PLANTS

Red algae

VASCULAR PLANTS

LAND PLANTS

Early vascular plapts

GREEN ALGAE
Ulvophytes
Coleochaetes
Stoneworts
Liverworts
Mosse:
Hornworts
(fossils only)

p—— | ycophytes

NON-VASCULAR PLANTS
SEEDLESS VASCULAR PLANTS

Cuticle

Horsetails
Ferns

l— Whisk ferns

=== \Wood

Roots

Stomata

Vascular
tissue
Ends have gaps
in secondary
l coll wall finside]
tracheids
e
Primary wall | Primary wall
{with ceflulose) (with cellulaso)
Secondary wall ‘ Secondary wall -
[with lignin) {with Eignin)

Tracheids

Seed plants - largely independent of water

REPRODUCTIVE INNOVATIONS:
* pollen - seeds
* flowers - fruits

Red algae

Vessel

elements

vessel
elements

=
=
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Ends have gaps
through primary and
secondary cell walls

SEED PLANTS

VASCULAR PLANTS

LAND PLANTS

Ulvophytes
Coleochaetes
Stoneworts

Early vascular plapts

Liverworts
Hornworts

GREEN ALLGAE

NON-VASCULAR PLANTS
SEEDLESS VASCULAR PLANTS

s VlOSSES

; Retention of nourished embryo

Complex gametangia—thick walled

Retention of zygote on parent
Simple gametangia--thin walled spores
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Sporophyte
dominated life

spores

Q: What part of the life cycle is pollen?

ophyte:

cycle

@
E
o
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2 Flowers
Fruits

further reduced, heterosporous

‘pollen:

Seed plants — further shift to dominance of sporophyte

[] Gametophyte (n)
Gametophyte | [7] sporophyte (2n)

Sporophyte U,- Sporophyte

Female
gametophyte

Sporophyte

] gSpDres

o
(a) Sporophyte dependent (b) Large sporophyte and (c) Reduced gametophyte
on gametophyte small, independent dependent on sporophyte
(e.g., bryophytes) gametophyte (e.g., ferns) (seed plants)
Moss Fern Flowering plant
(non-vascular) (seedless vascular plants) (vascular seed plants)

Seed plants - largely independent of water
Angiosperms (Phylum Anthophyta)

Cotyledons Vascular tissue Veins Flowers

Cotyledon

MONOCOTS

Vascular tissue scattered Parallel veins in leaves Petals in multiples of 3
throughout stem (bundles of vascular tissue)

DICOTS

Two cotyledons Vascular tissue in circular  Branching veins in leaves Petals in multiples of 4 or 5

arrangement in stem
© 201 Pearsen Coaabon. nc.



Seed plants - largely independent of water Opisthokonts

Angiosperms (Phylum Anthophyta) :ﬁ:;;:i::::ii:::rns), Animals, Fungi

« chitin (structure)

2 « glycogen (energy storage)
‘g;_ Oldest Monocots Other
8 living Re'ﬁc‘:;ves protists
£ angiosperm magnolias Eudicots Red algae
[C] ” lineages p A \ A N
= $ = ¢ ¢ E EE == B Glaucophyte algae
% i —E Green algae
]
z Land plants
! Fungiand | ... . Fungi
_I_I Lineages in red were traditionally animals '9) .
called dicots, but this tree shows that sharea ° Choanoflagellates - Opisthokonts
I dicots are not a natural grouping common Animals
ancestor at
tm__{:_h_'s point Amoebozoa
Fungi — “master recyclers and traders” Fungi — absorption, unusual reproduction
chitin cell wall chitin cell wall

unicellular or multicellular

unicellular or multicellular

Saccharomyces
cerevisiae

| A .

morphologically simple

o 8.9 km?
) 2400 years old
605 tons!

Spore-
producing
structures

Mycelium
Copyright © Paarsan Education, Inc., publishing a& Benjamin Cummings.



Fungi — absorption, unusual reproduction
chitin cell wall
unicellular or multicellular

morphologically simple

adapted for extracellular

digestion and absorption hyphae provide

high SA:volume

reproductive diversity
asexual and sexual
variation in spore morphology

variation in spore-forming structures

Ecological roles of fungi
2) Mutualists—plant root mycorrhizae

Ectomycorrhizae (temperate and boreal forests) = nitrogen limiting
form sheaths around roots and penetrate between root cells Ph. Basidomycota

| Hyphae extend cutward Ph. Ascomycota
into the soil

... |Hyphae form a dense,
"| continuous sheath
around root

| Hyphae extend inward,
between cells

Cross section of plant root

Arbuscular mycorrhizae (grasslands and tropical forests) = phosphorus limiting

contact plasma membranes of root cells Ph.Glomeromycota

<r.,....| Hyphae extend outward
into the soil

Hyphae extend inward,
“| penetrate cell wall, and

" contact plasma membrane
Cross section of plant root

Ecological roles of fungi
1) decomposers

saprophytes: digest dead plant material

enzymes: lignin peroxidase and cellulase
- one of few organisms that can digest wood

critical part of carbon cycle

Permian Triassic
100+
Bo .
Huge but short-lived
60 - increase in the number
of fungal fossils,
40 coinciding with the

mass extinction event

Percentage of fungal species in
fossilized pollen and spores

More ancient More recent

Time

Ecological roles of fungi
2) Mutualists—plant root mycorrhizae

Treatment: Results:
add *C with or
without
mycorrhizae

7 i, l Labeled carbon treatment:
With i\ i Up to 20% of labeled carbon

' taken up by plant is transferred
normal = to mycorrhizal fungus.
mycorrhizal &
fungi ;

Treatment:

add *N or *P

with or without

. Plant
mycorrhizae
P*or N* f
Fungi - I

Labeled P or N treatment:
Large amount of labeled P or
N is found in host plant.

Q: Is the relationship mutualistic?

Experiment See fig. 31-10

Plant

No fungi 7110

Labeled carbon controk
Little to no labeled carbon is
found in soil surrounding
plant roots,

Plant
Mo fungi

Labeled P or N controk:
Little labeled P or N is
found in host plant.

Conclusion: The relationship bet plants and mycorrhizal fungi is mutualisti

Plants p
fungi with carbohydrates Mycuwl'l.izal fungi supply host plants with nutrients.




Ecological roles of fungi
2) Mutualists—lichens

Cross section of a lichen

Asexual reproduction
occurs when “mini-
lichens” are produced

Fungal layer
Algal layer

Fungal layer

Substrate

=201 Pearson Education, inc

Uses of fungi
4) Human food and medicine

Penicillium-chrysogenum

Ecological roles of fungi
3) Parasites

Generalized fungal life cycle

* Fungal sex!  “plasmogamy” (fusion of hyphae) > heterokaryotic mycelium
“karyogamy” (fusion of nuclei) > zygote

* Fungal sexes! compatability of “mating types”

Heterokaryotic
/ mycelium Nuclei

Spore-producing
g (n+n)

structure

(n)

: o e, %,
@ ."f 4) ) e %, "";;.o
9 | %, n
S/ asexua REPRODUCTION Vi )
El \REPRODUCTION Y Llzygote
] Spore-producing (2n)
structure &
s')(z;es === "'{7 i .H:H—H"ﬁ . 2 ® :: /}":@
MITOS\® S & =
Spores I
() e
Haploid (n)

©2011 Paneson Egusasion, ine

D Heterokaryotic (n +n)
[l iploid (2n)



Generalized fungal life cycle and a few variations...

Ascomycota
mElOS,'s Ascus

Basidomycota Zygomycota

Ascocarp (mature woﬁm‘r
Basidium  spore-producing

Hyph
body) (n+n) yphae

_--" Zygosporangium:
k\ g thick coated “zygote”
_______ vl formed directly;
------ \ produces spores
T~ \ " Heterokarystic

Spore-produding - u

structure (n] . {n+ nik

ASEIUAL
REPRODUCTION

Do reproductive/ecological diversity have a phylogenetic pattern?

According to traditional thinking, there are four phyla of fungi.

Chytridiomycota Zygomy Basidi ota Ascomycota

¥

9 © @ 6

|

Chytridiomycota
(make chytrid-like motile
' gametes and spores)

@ Zygomycota
(make zygote with tough
outer coat)

- Basidiomycota
' (make pedestal-like basidium)

Ascomycota

DNA sequence data have revealed that Glomeromycota, Basidiomycota, (make sac-like ascus)

and Ascomycota are monophyletic.

Chy Zygomy Emam mmem mmem, lichens
 m— E —_ —
[ | =] [~ -‘9‘6 @ Q- =]
& 3 3
obf 6\% oqoé \é \#ef' @“"a?
& & A
@ P ! == mutualists
\ \ @ © @ © [ -] &

— saprophytes
mm parasites

Generalized fungal life cycle and a few variations...
Chytridiomycota

fo 7 Gametes
//

[ &  (g—spore
b Y

many parasmc

motile gametes & spores

Chytrids include the only fungi with alternation of generations

___ESION
A : Y Miro
> Z plasmogamy and z S‘/S
fi karyogamy occur ygote
Y simultaneously) (27 Spores form

P‘ : s
g:l:‘n::::gflc;rm |n—/‘F 1[|TOS|s "\ Gametes Sporophytic in sporangia
Gametophytlc (n) mycelium
J‘. mycelium (2n)
(n)
ﬂ v == / Haploid (n)
~ = 2n l:‘ Heterokaryotic (n + n)
[l oiploid (2n)
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