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GRAVITY AND LIGHT: INTEGRATING TRANSCRIPTIONAL REGULATION IN ROOTS 
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Light and gravity give clues about time and space which 
plants use to direct their growth. Roots grow towards the 
vector of gravity (positive gravitropism) to access water 
and nutrients in the soil and to provide stability. Their 
response to light depends on its wavelength and intensity. 
Roots grow towards red light (positive phototropism) and 
away from blue and white light (negative phototropism) 
(Kiss et al. 2003). Plants respond to these signals via 
differential cell elongation which results in directional 
growth. Light and gravity are simultaneous stimuli so 
plants must respond to both at the same time and integrate 
them into a single response. Our hypothesis is that 
integration of light and gravity responses in roots can be 
observed at the level of gene expression. One of the 
fastest known signal transduction elements described for 
gravity and light responses is inositol- 1,4,5 triphosphate 
(InsP3). Cellular levels of InsP3 increase within 15s to 30s 
in response to stimulation by gravity or light, respectively 
(Morse et al. 1987; Perera et al. 1999). We therefore 
analyzed light induced changes in transcript abundances 
of genes known to respond specifically to gravity in roots 
of wild type and transgenic plants dampened in their 
InsP3-signaling (Kimbrough et al. 2004; Perera et al., in 
preparation.).  
 
Using whole genome Arabidopsis GeneChips 
(Affymetrix), we monitored the time course of gravity-
induced transcript abundance changes of 22,744 genes in 
the root apices of wild type and transgenic Arabidopsis 
seedlings expressing inositol-polyphosphate-5-
phosphatase (T2-8) (Kimbrough et al. 2004; Salinas-
Mondragon et al. in preparation). Inositol polyphosphate 
5-phosphatase specifically hydrolyzes the 5’-phosphate of 
InsP3 and leads to substantially reduced levels of InsP3 in 
the expressing transgenic plants (Perera et al., in 
preparation).  Several of the genes that exhibited gravity 
specific transcript abundance changes in wild type plants 
were not up-regulated in response to gravity stimulation 
in the transgenic plants (Salinas-Mondragon et al. in 
preparation). This indicates that the gravity-induced 
regulation of these genes is mediated by and dependent on 
InsP3. This makes the transcript abundance of these genes 
a quantifiable marker for InsP3-regulation and integration 
of other environmental stimuli. 
 
In all the experiments we used 7-day-old dark-grown wild 
type and transgenic Arabidopsis seedlings (t2-8). Light 
regulation of the transcript abundance changes for 
specific genes was analyzed using exposure to directional 
(seedlings were approximately 50 cm from the source of 
light) incandescent light (2 µmol s-1m-2 or approximately 
100 lux). The interaction of light and gravity induced 
transcriptional     regulation     was     investigated     using  

 
combined stimulation: Dark-grown plants which were 
gravity stimulated either in the dark or after 15min or 1h 
of light exposure and compared to vertical controls (Fig 
1). Plants were harvested by adding RNAlater (Ambion) 
and the root apices (ca. 7 mm) separated. RNA extraction 
(Qiagen), cDNA synthesis (Ambion) and Real Time PCR 
(Sybr Green) were carried out as described by Kimbrough 
et al. 2004.  
 
Our first experiment was to perform Real Time PCR to 
confirm our microarray data (Kimbrough et al. 2004), 
comparing the wild type and our transgenic (t2-8).    We 
found that gravity induces fast and transient changes in 
transcript abundance of specific genes as shown by 
microarray experiments of Arabidopsis root apices in 
comparison to mechanical stress (Kimbrough et al. 2004). 
For some nuclear genes, these transcriptional changes 
occur within one minute as shown by real-time PCR 
analysis. Interestingly the transcripts that were fast and 
transiently up regulated by gravity stimulation in the dark, 
did not show any significant changes in the transgenic 
plants with dampened InsP3-signaling (Fig. 2).  
 
 

 
 
Figure 1. Experimental set-up to study the combined stimulation 
of gravity and light. C0 is the vertical control pre-adapted to 
green light (18 h). C1 and C2 are the controls after 15 minutes 
or 1 hour of incandescent light stimulation respectively, prior to 
gravistimulation. 
 
 
This suggests that gravity induced changes in transcript 
abundance of at least some genes are InsP3-mediated. 
Five of the fastest gravity specific genes, that we 
previously selected from the microarray data (At5g48010, 
AtPEN1; At2g16005, expressed protein; At4g11310, 
cysteine protease; At5g38020, SAMt-homologue; 
At4g23670, major latex related protein), also show a fast 
and transient up regulation in the wild type, under 
directional incandescent light. The levels of these 
transcripts in the transgenic (t2-8) plants were not up-
regulated in response to light stimulation. (Fig. 3). 
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A sequential combination of gravity and light stimulation  
and  the  subsequent   analysis   of   transcript  
abundances showed that a short period of light (15 min) 
has a synergistic effect on gravity induced transcriptional 
regulation (Fig. 4). This effect is transient and mediated 
by InsP3 because no transcriptional changes for those 
genes were detected in the transgenic plants (t2-8). 
 

 
 
Figure 2.  Transcript abundance of At2g16005 increases more 
than 3-fold in gravity stimulated root apices in the dark within 1 
min. after reorientation but showed no up-regulation in the same 
time-span in gravity stimulated transgenic (t2-8) plants. 
 

 
 
Figure 3. Light induces changes in transcript abundance in the 
same genes that were identified as fast and transiently up-
regulated genes after gravity stimulation in wild type plants.     
 
CONCLUSION 
 
Gravity stimulation induces fast and transient increases in 
transcript abundance in specific genes in Arabidopsis root 
apices in the dark. When light-grown plants were gravity 
stimulated, the abundance of these transcripts did not 
change. However, a short light stimulus transiently 
enhanced gravity induced transcriptional changes. Using 
transgenic plants dampened in their InsP3-mediated 
signaling, by over-expression of inositol polyphosphate 5- 

phosphatase, we were able to show that the integration of 
transcriptional regulation by light and gravity stimulation 
is dependent on InsP3-mediated signal transduction. 
Furthermore we show that light has a synergistic and 
transient effect on the transcript abundance of very early 
gravity induced genes. It has been shown that 
phytochrome mediated light signal transduction enhances 
root gravitropism (Feldman and Briggs, 1987). Overall, 
the data presented here may suggest that InsP3 and the 
increase of those very early and transient transcripts may 
function in gravi-and photofacilitation, a concept recently 
proposed by LaMotte and Pickard (2004). 
 

 
 
Figure 4. Transcript abundance of At5g38020 increases rapidly 
and transiently after gravity stimulation in the dark. A short 
light exposure (15 min.) enhances its response to gravity, while 
a 1h light exposure prior to gravity stimulation abolishes its up-
regulation.  
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