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Lecture 6: Phytochromes – Part II
Ecological functions and Signal transduction

Ecological significance of the R:FR ratio
Shade avoidance response

Subcellular localization of phytochrome

Phytochrome signal transduction
COP1
PIF3

Phytochrome functional domains

Factors known to be involved in phytochrome signaling
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Light-grown phyB mutants are elongated 
and early flowering

This resembles the shade 
avoidance phenotype of 
wild-type plants
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Phytochrome enables plants to adapt to 
changing light conditions

The R:FR ratio

Presence of a red/far-red reversible pigment and the wavelengths of light provide 
plants information to adjust to the environment. 

R:FR ratio varies in different environments!
Photon fluence rate 

in 10 nm band centered on 660 nm
Photon fluence rate

in 10 nm band centered on 730 nm 

R
FR =
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Red-light inhibition of stem elongation rate of 
light-grown pigweed (Chenopodium album)
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The reduced R:FR ratio of light acts as a
signal that other plants are nearby
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Shade Avoidance Response
Plants that increase stem extension in response to shading 

→ shade avoidance response (“sun plants”)

“shade plant” “sun plant”

*
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Ecological functions of PHYA and PHYB
Effect of PHYA and PHYB on seedling development 

in sunlight versus canopy shade

After Quail et al. 1995
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How does phytochrome mediate responses
on the molecular level?
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Phytochrome moves to the nucleus
- Phytochrome moves to the nucleus in a light-dependent manner. 
- Movement detected by fusing phytochrome to green fluorescent protein (GFP).

PHYA:GFP PHYB:GFP

Continuous far-red light White light

Nucleus
Speckles

- Can move in Pr or Pfr form
- fast transport (~ 15 min)
- maximal transport under continuous

FR light (HIR)

- Moves only in Pfr form
- Slow transport (several hours)
- Requires R for transport; inhibited by FR
- Under circadian control
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What happens when PHYA/B move into nucleus?

PIF = Phytochrome Interacting Factor
PIC = pre-initiation complex
MYB = transcription factor
LHCB = Light-harvesting chlorophyll

a/b-binding protein
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PIF3 co-localizes with PHYA in the nucleus

Confocal microscopic images of cells 
expressing both fusion proteins after 
2 min of FR treatment. 

Bauer et al. (2004)
Plant Cell 16: 1433

PhyA:YFP PhyA:YFP PhyA:YFP

PIF3:CFP PIF3:CFP PIF3:CFP

Transgenic lines expressing both 
PHYA:YFP and PIF3:CFP in phyA-211
background in 6-d-etiolated seedlings. 
Scale bars = 10 µm 

2 min FR

2 min FR

20 h cFR

20 h cFR

No treatm.

No treatm.

PIF3 mediates phytochrome-induced 
signaling during the developmental 
switch from skotomorophogenesis to 
photomorphogenesis and/or dark to
light transitions. 

cyto-
plasm

12

BIOL
754 
Fall 
09

Genes that suppress photomorphogenesis
Mutants that block response to darkness (skotomorphogenesis): 

cop = constitutive photomorphogenesis
det = de-etiolated
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The cop1 mutant

Dieterle et al. 2003 Plant Physiol 133: 1557 

C

WT  cop1-4

D

WT  cop1-4

A

WT  cop1-4

B

WT  cop1-4

Photomorphogenic response is always on in cop mutants:
- Constitutive photomorphogenic phenotype in the dark

- Hypersensitive phenotype in the light

WT  cop1-4

E

Seedlings grown for 3 d after induction of germination. Bars = 2 mm.
(E = mol m-2 s-1) 

continuous 
darkness

weak
continuous 

red light 
(15 nE)

strong 
red light

(14.3 µE)

continuous 
white light

(15 µE)

strong 
far-red light

(14 µE)
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Some factors involved in phytochrome-regulated 
gene expression 

in the dark

PHY PHY
PIF3MYB
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There are many more factors known to be involved 
in phytochrome-regulated gene expression
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Phytochrome functional domains

Confers photosensory specificity to 
the molecule, i.e. whether it responds 
to continuous red or far-red light

Transmits signal to proteins that act 
downstream of phytochrome
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Phytochrome is an autophosphorylating
serine/threonine kinase

Phytochrome may phosphorylate
other proteins (X)
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Phytochrome - Summary

Mediates the plants’ response to light → photomorphogenesis
R exerts the strongest effect, which is reversed by FR

Exists in red-light absorbing Pr form and far-red light absorbing Pfr form

Synthesized in the Pr form 

Pfr considered to be the physiologically active form

Encoded by gene family: PHYA, B, C, D, E

PHYA and PHYB move into the nucleus

Regulate transcription of genes involved in greening, e.g. small subunit 
of RUBISCO, LHCB (mediated by PHYA and B)

VLFR, LFR, HIR
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Physiological functions of phytochromes


