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CYANOBACTERIUM
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LICHEN

LICHEN

MUTUALISTIC

SYMBIOTIC

RELATIONSHIP

CYANOBACTERIUM & FUNGUS



L.S. LICHEN THALLUS

2

C

MUTUALISTIC SYMBIOTIC

RELATIONSHIP



L.S. LICHEN THALLUS

F

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

CYANOBACTERIUM

SYMBIONT



L.S.

FUNGUS

SYMBIONT

LICHEN THALLUS

P

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

CYANOBACTERIUM

SYMBIONT



L.S.

FUNGUS

SYMBIONT

LICHEN THALLUS

G

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

CYANOBACTERIUM

PHOTOSYNTHESIS

GLUCOSE



L.S.

CYANOBACTERIUM

PROVIDES: 

FUNGUS

WITH GLUCOSE

FUNGUS 

GLUCOSE

LICHEN THALLUS

^

MUTUALISTIC SYMBIOTIC

RELATIONSHIP



L.S.

FUNGUS

SYMBIONT

LICHEN THALLUS

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

CYANOBACTERIUM

SYMBIONT

S



L.S.

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

FUNGUS

PROVIDES: 

CYANOBACTERIUM

WITH SECURITY

LICHEN THALLUS

S

CYANOBACTERIUM

SECURITY



L.S.

MUTUALISTIC SYMBIOTIC

RELATIONSHIP

FUNGUS

PROVIDES: 

CYANOBACTERIUM

WITH SECURITY

LICHEN THALLUS

^

CYANOBACTERIUM

PROVIDES: 

FUNGUS

WITH GLUCOSE



LICHEN

GOWTH FORMS

D



L.S. LICHEN THALLUS

D

DIFFERENT SYMBIONTS



L.S. LICHEN THALLUS

D

DIFFERENT SYMBIONTS

DIFFERENT GROWTH FORM

C



L.S. LICHEN THALLUS

D

DIFFERENT

CYANOBACTERIUM

SYMBIONT SPECIES

F



L.S.

DIFFERENT

FUNGUS 

SYMBIONT SPECIES

LICHEN THALLUS

D

DIFFERENT

FUNGUS

SYMBIONT SPECIES

DIFFERENT

CYANOBACTERIUM

SYMBIONT SPECIES



L.S.

DIFFERENT LICHEN

GROWTH FORM

LICHEN THALLUS

DIFFERENT

FUNGUS

SYMBIONT SPECIES

?

DIFFERENT

CYANOBACTERIUM

SYMBIONT SPECIES
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CRUSTOSE LICHEN
C

CRUST-LIKE GROWTH FORM 

+



CRUSTOSE



CRUSTOSE LICHEN 

GROWTH FORM

CRUSTOSE LICHEN

GROWTH FORM

CRUST-LIKE

GROWTH FORM 

?
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F



FOLIOSE LICHEN
F

LEAF-LIKE GROWTH FORM 

+



FOLIOSE



FOLIOSE LICHEN 

GROWTH FORM

FOLIOSE LICHEN

GROWTH FORM

LEAF-LIKE

GROWTH FORM 

?
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F



FRUTICOSE LICHEN
F

BRANCHING GROWTH FORM 

+



FRUTICOSE



FRUTICOSE LICHEN 

GROWTH FORM

FRUTICOSE LICHEN

GROWTH FORM

BRANCHING

GROWTH FORM 

S
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CRUSTOSE LICHEN

FOLIOSE LICHEN FRUTICOSE LICHEN

DIFFERENT

CYANOBACTERIUM

SYMBIONT

^

DIFFERENT

FUNGUS 
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GENERA

?
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ANABAENA

?



ANABAENA ?



ANABAENA GLOEOTRICHIA

?



ANABAENA GLOEOTRICHIA

?



ANABAENA GLOEOTRICHIA

MERISMOPEDIA

?



ANABAENA GLOEOTRICHIA

?MERISMOPEDIA



ANABAENA GLOEOTRICHIA

STIGONEMAMERISMOPEDIA

?



IS A 

CYANOBACTERIUM

BL-GR BACTERIUM

A PLANT?

QUESTION

QUESTION

A



NO

---

PLASTIDS

ABSENT

ANSWER

ANSWER

?



WHY ARE WE 

STUDYING 

CYANOBACTERIA

BL-GR BACTERIA?

QUESTION

QUESTION

A



BL-GR BACTERIA 

EVOLVED

GREEN BACTERIA

ANSWER

ANSWER

^



PHYLUM

CYANOPHYTA



CYANOBACTERIA

+

GREEN BACTERIA



^

CYANOBACTERIA

DIFFERENT CLASS

GREEN BACTERIA



COMMON NAMES

L



PROCHLOROPHYTES



CYANOBACTERIA



GREEN BACTERIA

R



GREEN BACTERIA

P

RECENTLY DISCOVERED



POORLY KNOWN

GREEN BACTERIA



GREEN BACTERIA

P

PREVIOUSLY ASSIGNED:



GREEN BACTERIA

B

PHYLUM: PROCHLOROPHYTA



GREEN BACTERIA

BLUE-GREEN BACTERIA

C

CLOSELY RELATED



GREEN BACTERIA

BLUE-GREEN BACTERIA

D

PHYLUM: CYANOPHYTA



GREEN BACTERIA

BLUE-GREEN BACTERIA

^

PHYLUM: CYANOPHYTA

DIFFERENT CLASSES

<

!



DIVERSITY



EARTH

G

~12 SPECIES



~3 GENERA

EARTH

^



DISTRIBUTION



TEMPERATE

EARTH

T



TROPICAL

EARTH

^



HABITAT

A



AQUATIC HABITATS
FRESHWATER HABITATS

MARINE HABITATS

+



S

GREEN BACTERIA: 1ST DISCOVERED AS A MARINE SYMBIONT

SS?



SEA-SQUIRTS

^



GENERAL

CHARACTERS

^



CYTOLOGY

^



THYLAKOID



GREEN BACTERIA

T



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

V

+



L.S. GREEN BACTERIA

CYANOBACTERIA

VESICLES

S



L.S. GREEN BACTERIA

CYANOBACTERIA

STACKED

THYLAKOID

VESICLES

G



L.S.

GRANA 

PRESENT

GREEN BACTERIA

CYANOBACTERIA



TRUE PLANT

CHLOROPLAST

ULTRASTRUCTURE

STROMA
DOUBLE MEMBRANE

STACKED

THYLAKOID

VESICLES

THYLAKOID

CHL A&B + CAROTENOIDS 

GRANA

>

S



CYANOBACTERIA / GREEN BACTERIA

GREEN BACTERIA

GRANA 

PRESENT

---

TRUE PLANT CHLOROPLASTS

GRANA 

PRESENT

CYANOBACTERIA / GREEN BACTERIA

^



PIGMENTATION

^



PRIMARY

PHOTOSYNTHETIC

PIGMENTS

T



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

~1



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

~1 PSYN PIGMENTS

HIGH 

CONCENTRATION

A

B



CHL A&B

L.S. GREEN BACTERIA

CYANOBACTERIA

~1 PSYN PIGMENTS

HIGH 

CONCENTRATION



TRUE PLANT

CHLOROPLAST

ULTRASTRUCTURE

STROMA
DOUBLE MEMBRANE

GRANUM

VESICLES

THYLAKOID

CHL A&B 

S

>



CYANOBACTERIA / GREEN BACTERIA

GREEN BACTERIA

~1 PSYN PIGMENTS

CHL-A & CHL-B

---

TRUE PLANT CHLOROPASTS

~1 PSYN PIGMENTS

CHL-A & CHL-B

CYANOBACTERIA / GREEN BACTERIA

^



SECONDARY

PHOTOSYNTHETIC

PIGMENTS

T



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

~2



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

P



L.S. GREEN BACTERIA

CYANOBACTERIA

PHYCOBILINS

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

AB



L.S. GREEN BACTERIA

CYANOBACTERIA

PHYCOBILINS

ABSENT

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

T

+



L.S. GREEN BACTERIA

CYANOBACTERIA

THYLAKOID

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

C



L.S. GREEN BACTERIA

CYANOBACTERIA

CAROTENOIDS

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

PR



L.S. GREEN BACTERIA

CYANOBACTERIA

CAROTENOIDS

PRESENT

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

?



L.S. GREEN BACTERIA

CYANOBACTERIA

?

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

C



L.S. GREEN BACTERIA

CYANOBACTERIA

CAROTENES

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

?



L.S. GREEN BACTERIA

CYANOBACTERIA

?

~2 PSYN PIGMENTS

LOW 

CONCENTRATION

X



L.S. GREEN BACTERIA

CYANOBACTERIA

XANTHOPHYLLS

~2 PSYN PIGMENTS

LOW 

CONCENTRATION



TRUE PLANT

CHLOROPLAST

ULTRASTRUCTURE

STROMA
DOUBLE MEMBRANE

GRANUM

VESICLES

THYLAKOID

CHL A&B + CAROTENOIDS 

S

>



CYANOBACTERIA / GREEN BACTERIA

GREEN BACTERIA

~2 PSYN PIGMENTS

CAROTENOIDS

---

TRUE PLANT CHLOROPLASTS

~2 PSYN PIGMENTS

CAROTENOIDS

CYANOBACTERIA / GREEN BACTERIA

^



REPRESENTATIVE

GENUS



PROCHLORON

GREEN BACTERIA

?



IS A 

CYANOBACTERIUM 

GREEN BACTRIUM

A PLANT?

QUESTION

QUESTION

A


