
Summary

Plants monitor the intensity, direction, colour 
and duration of the light they receive and use this 
information to adapt their growth and metabolism to 
their particular environment. Most plant responses to 
light require changes in gene expression. This booklet 
discusses recent research into how light absorption by 
phytochromes (a class of plant photoreceptors) alters 
gene transcription.
The main text of the booklet analyses experiments on 
how phytochromes act after seedlings are exposed to 
light. It discusses the conversion of phytochromes from 
the red absorbing Pr form to the far red absorbing Pfr 
form; the light induced movement of phytochromes 
from the cytoplasm to the nucleus; and the interaction 
of phytochromes with transcription factors. The booklet 
also contains three boxes. Microarrays briefly describes 
‘gene chip’ technology. Photoreceptors describes the 
fundamental similarities between phytochromes and 
opsins (the photoreceptors in the eye). Seeing blue 
briefly describes how plants detect the UV and blue 
regions of the spectrum.

Assumed knowledge

This booklet is directed at post-16 students studying
A-level biology or Scottish Advanced Highers. It may 
also be useful for those studying a range of other F.E. or 
H.E. courses. The text assumes a basic knowledge of the 
visible spectrum of light, the structure of plant cells and 
the process of gene transcription. The booklet introduces 
several terms that may be unfamiliar to students: these 
are given first time in bold text and defined in the 
glossary.
Some questions are deliberately quite challenging and/
or demand additional knowledge. Question 1 requires 
students to interpret absorption spectra. Question 9 
needs some mathematical skill. Question 10 assumes 
that students understand the function of turgor pressure 
in maintaining plant shape.

Answers to questions

1. The absorption spectra show that in addition to strong 
absorption of red light (620 - 700 nm) by Pr, there is also 
weak absorption by Pfr. Therefore, although the major 
effect of red light is to convert Pr to Pfr, some Pfr absorbs 
red light and converts back to Pr. This causes continual 
cycling between Pr and Pfr and hence the presence of 
both in the cell.
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2. a) The fact that mutants that are deficient in 
phytochromes display constitutive shade escape 
indicates that phytochromes act to inhibit the shade 
escape responses.
b) This supports the theory that Pfr is the active form of 
phytochromes. Shaded plants are exposed to a high ratio 
of far red to red light. Therefore, Pfr is converted to Pr 
and cannot inhibit shade escape.

3. Phytochromes inhibit shade escape, which includes 
stem elongation. The genetically modified plants contain 
a higher concentration of phytochromes than normal - in 
the form of the hybrid protein - and consequently grow 
less tall than normal plants.
Reference: Kircher et al. (1999) Light quality-dependent 
nuclear import of the plant photoreceptors phytochrome 
A and B. The Plant Cell, vol. 11, pp 1445-1456.

4. The seedling’s growth is limited by the extent of the 
food stored in the seed.

5. The fact that the rhythm of leaf movement no longer 
had a 24 hour period showed that it was not controlled 
by an external cue linked to the cycle of day and night- 
such as temperature. Therefore, it had to be controlled 
by an internal mechanism.

6. 660 nm - the peak of the action spectrum and hence 
the peak of the proposed absorption spectrum.

7. If the red- and far red-absorbing pigments acted 
independently, you would expect alternating red and 
far red illumination to give intermediate germination 
rates - the additive effects of some promotion and some 
inhibition.

8. The colour of a substance is related to its absorption 
spectrum: we only see light that is either reflected or 
transmitted. Pr and Pfr are different colours because they 
have different absorption spectra.

9. a) 0.1/2000 = 1/20000 of a second (= 50 µs) of sunlight 
provides sufficient photons to induce germination.

b) When soil is dug or ploughed, weed seeds buried in 
the ground are exposed to brief flashes of light and so 
germinate. Reducing digging or plowing results in fewer 
weeds.



c) Each cell has an external surface area of 
20 µm x 10 µm = (20 x 10 -6) m x (10 x 10 -6) m 

= 200 x 10 -12 m2 
= 2 x 10 -10 m2.

Germination requires 0.1 µmol photons m-2 
= 0.1x 10 -6 x 6.023 x 1023 photons m-2 
= 6.023 x 1016 photons m-2.

Therefore, each epidermal cell will be exposed to 
(2 x 10 -10) x (6.023 x 1016) photons 
= 12.046 x 106 photons (approx 10 million photons.)

10. The blade would tip downwards due to the 
unopposed turgor pressure of cells on the upper side of 
the junction.

11. Researchers work under dim green lights
because plants are largely insensitive to wavelengths
of 500 - 580 nm– plants don’t see green.

Background notes

Phytochromes. These are plant photoreceptors most 
sensitive to the red/far red region of the spectrum. They 
exist in two inter-convertible forms called Pr and Pfr. Pr 
absorbs red light most strongly, whereas Pfr absorbs far 
red light most strongly. Light absorption by either form 
converts it to the other.
Plants contain several different types of phytochrome, 
called phytochrome A, phytochrome B, etc encoded 
by different genes, and having different amino acid 
sequences. All phytochromes are homodimers 
consisting of two identical phytochrome proteins. All 
contain the same light absorbing chromophore and 
have the same absorption spectra—both as Pr and as 
Pfr. Phytochromes are synthesised as Pr which is the 
only form present in dark-grown seedlings. Pfr is the 
biologically active form of phytochromes.
The different phytochromes have overlapping 
functions and together regulate many aspects of plant 
metabolism and growth, including germination, seedling 
photomorphogenesis, shade escape, flowering, and 
the plant internal clock. The main distinction between 
the phytochrome types is that between phytochrome A 
and others. Phytochrome A accumulates to high levels 
in seeds and seedlings kept in darkness, making them 
highly sensitive to illumination. However phytochrome 
A concentration falls rapidly after exposure to light, in 
part because its Pfr form is quickly degraded by the cell, 
and in part because transcription from the PHYA gene 
is inhibited by light. For this reason, phytochrome A is 
called ‘light labile’ phytochrome.
The concentration of the other phytochromes (in 
Arabidopsis, phytochromes B - E) is approximately the 
same in darkness and light, and consequently these 
are called ‘light stable’ phytochromes. Consistent with 
this pattern, phytochrome A dominates phytochrome-

mediated responses in seeds and seedlings after several 
days in darkness, whereas light stable phytochromes 
dominate during growth above the soil surface.

The phytochrome - PIF3 switch. The PIF3 (Phytochrome-
Interacting Factor 3) protein is a transcription factor 
identified because of its ability to interact directly with 
phytochromes. Analysis of PIF3 shows that it only binds 
to the Pfr form of phytochromes. PIF3 also binds to a 
DNA sequence called the ‘G box’ that is present in the 
promoters of some but not all light-inducible genes.
PIF3 only promotes gene transcription when it is bound 
to Pfr. Therefore, when absorption of far red light 
causes Pfr to convert to Pr, genes controlled by PIF3 
are switched ‘off’. This creates a red/far red controlled 
switch for the transcription of light-inducible genes. 
Some of these genes also encode transcription factors. 
Therefore the switch indirectly regulates the expression 
of ‘downstream’ genes that these transcription factors 
control. It is likely that this is just one example of several 
or many phytochrome-controlled ‘transcriptional 
cascades’ in plants.

Cryptochromes & phototropins. These are classes of 
photoreceptors sensitive to UV-A and blue light. Like 
phytochromes, they both consist of proteins bound to 
light-absorbing chromophores. Cryptochromes function 
in many of the same processes as phytochromes, 
including seedling photomorphogenesis, flowering and 
the control of the internal clock. In contrast, phototropins 
appear to be restricted to the control of light induced 
movements—phototropism, the movement/rotation 
of chloroplasts towards dim light but away from bright 
light, and the opening and closing of stomata.

Further information

Research papers
Kircher, S. et al. (2002) Nucleocytoplasmic partitioning of 
the plant photoreceptors phytochrome A, B, C, D, and E 
is regulated differentially by light and exhibits a diurnal 
rhythm. The Plant Cell, vol 14, pp 1541-1555. (This paper 
describes research on the movement of phytochrome-
GFP and the role of the circadian clock in controlling 
‘speckle’ formation.)

Ma, L. et al. (2001) Light control of Arabidopsis 
development entails coordinated regulation of genome 
expression and cellular pathways. The Plant Cell, vol 
13, pp 2589-2607. (This paper describes microarray 
research on gene expression changes during 
photomorphogenesis.)
Martinez-Garcia, J.F. et al. (2000) Direct targeting of 
light signals to a promoter element-bound transcription 
factor. Science, vol 288, pp. 859-863. (This paper 
describes experiments on the interaction between 
phytochromes and PIF3.)



Reviews
Quail, P.H. (2002) Photosensory perception and signalling 
in plant cells: new paradigms? Current Opinion in Cell 
Biology, vol. 14, pp. 180-188.

Web resources
Time-lapse movies of many plant responses to light can 
be viewed on the website of Roger Hangarter at Indiana 
University: http://sunflower.bio.indiana.edu/~rhangart/
plantsinmotion.html (accessed December 2004).
This site contains movies of seedling etiolation and 
photomorphogenesis, phototropism, and circadian leaf 
movements. It also includes many other examples of 
plant movements.
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About Science and Plants for Schools 
(SAPS)

SAPS is a charity that works to develop resources 
supporting the teaching of plant science and molecular 
biology in schools and colleges. Founded in 1990, SAPS’ 
activities include publishing simple practical protocols; 
collaborating with other organisations to develop low-
cost practical kits; running courses and workshops 
for teachers, trainee teachers and technicians; and 
sponsoring schools and colleges to work in specified 
areas of plant biology.
More information about SAPS, downloadable practicals 
and back copies of the SAPS newsletter Osmosis are 
available at the SAPS website: ‘www.saps.org.uk’.
If you have any comments or questions, please contact 
SAPS at its head office: 
SAPS, Homerton College, Cambridge, CB2 2PH.
tel: 01223 507168 
email: SAPS@homerton.cam.ac.uk
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