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Plants in motion
Dr. Roger Hangarter
Light-regulated plant growth, development and tropism

Blue light photoreceptors (cryptochromes and phototropins)
Drs. Winslow Briggs and Masamitsu Wada
Phototropism
Chloroplast movement

Red/Far-red light photoreceptors (phytochromes)
Dr. Pill-Soon Song
Shade avoidance
An example of applying basic research knowledge into application in 

real life
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Plants-In-Motion
Created for nonprofit educational use
by Dr. Roger P. Hangarter Indiana
University, USA
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Arabidopsis thaliana seeds germinating in the light
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Dark- vs light-grown sunflower seedlings
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Corn seedlings worshiping the light
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Nutation of sunflower seedlings under low light
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Nutation of Arabidopsis floral stems
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Solar tracking of sunflower leaves
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Leaf movement controlled by circadian clock
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Gene expression controlled by circadian clock
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17.18  Circadian rhythm in the diurnal movements of Albizia leaves



Kami et al (2010) Current Topics in Developmental Biology 91, 29-66 17



18Kami et al (2010) Current Topics in Developmental Biology 91, 29-66

How do photoreceptors see light with 
different wavelength?



Kami et al (2010) Current Topics in Developmental Biology 91, 29-66 19



Cashmore et al. (1999) Science 284, 760-765

Color-blind Arabidopsis mutants
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Dr. Winslow Briggs
Stanford University, USA
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Phototropism in wild type (A) and 
mutant (B) Arabidopsis seedlings
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18.8  Light-stimulated stomatal opening in detached epidermis of Vicia faba



Light sensing by the LOV domain of PHOT1

Christie and Briggs (2001) J. Biol. Chem 276, 11457-11460
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Light regulates growth and development 
throughout the life cycle of plants

Modified from Sullivan and Deng (2003) Dev Biol. 260, 289-97 26
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Dr. Masamitsu Wada
Kyushu University, Japan
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Adiantum capillus-veneris
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Dark adapted
Adiantum gametophyte



R : 30Wm-2 1min0 120min
D D

Fern Adiantum gametophyte by T. Kagawa 

Accumulation response

Velocity X 600 32



0 70min40
B : 10Wm-2 D

by T. KagawaVelocity X 600

Avoidance response

Fern Adiantum gametophyte 33



Gametophyte of Adiantum capillus-veneris

accumulation

avoidance
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Rescue of chloroplast movement 
by neo1 gene transfer

gene transferred cell
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Cp-actin filaments reform just on the leading edge 
as chloroplasts move away from light

0 1 2 3 4 5 6 7 8 9 10 11min
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Reorganization of cp-actin filaments during 
chloroplast avoidance response

Time lapse images:  taken every 30 sec for 15 min 
Shown 5 frames per sec. Irradiated with 458nm laser beam

(150x)
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Kami et al (2010) Current Topics in Developmental Biology 91, 29-66 39



Absorption spectra of phytochrome: 
red and far-red light photoreceptor

Pr Pfr

730 nm

660 nm
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Jaillais and Chory (2010) Nature Structural & Molecular Biology 17, 642–645

Shade 
avoidance
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Penalty of shade avoidance syndrome (SAS)



Dr. Pill-Soon Song 
Jeju National University, Korea
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GM Turfgrass

Shade avoidance suppressed and 
shade tolerant grass

1. Shorter: reduced mowing � lower maintenance cost
2. Greener: more valuable
3. Reduced fertilizer use etc.
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Shade vision with hyperactive phytochrome A

Ser7

Ser17

Ser598

P P Protein-Protein Interaction

WT S598A

* Shortened height
* Increased seed numbers
* Increased leaf numbers
* Increased root growth
* Greener

Kim et al (2004) Plant Cell 16:2629-2640 48



WT              S598A

WT S598A

(Kim et al (2004), Plant Cell)
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Phenotypes of transgenic grass in test field

Plants growing under natural light, 10-wk-old. 
NT, non-transgenic grass; 
WT-PhyA, transgenic grass with wild-type PHYA gene
S599A-PhyA (#14), transgenic grass with S599A PHYA mutant gene (line no. 14) 
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26.9  Signal transduction pathways for osmotic stress in plant cells
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US weather disasters costing billions of dollars between 1980 and 
2004 (excluding hurricanes, tornadoes and wildfires)









26.10  Response of frosted orache and Arizona honeysweet to heat stress











Figure 9.1


