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Light plays a major role for proper growth and development of 
plants from seed germination till flowering.1 During the transition 
from dark to light, the seedlings follow photomorphogenesis, 
which is characterized at the cellular level by suppression of cell 
elongation and expansion in hypocotyl and cotyledon, and onset 
of growth by cell division in both shoot and root meristem. On 
the other hand, phytohormones also play important roles for the 
regulation of cell expansion and division. Thus, light and hormone 
signaling pathways are likely to intersect with each other to evoke 
the desired responses. It has already been shown that various 
plant hormones are involved in light signaling and influence cell 
expansion, division, and light-regulated gene expression.2-4

In Arabidopsis thaliana, several transcription factors involved in 
switching the skotomorphogic to photomorphogenic growth have 
been identified. These transcription factors are either positive or 
negative regulators of light signal transduction pathways and are 
specific to single or multiple wavelengths of light. Among them, 
LONG HYPOCOTYL 5 (HY5), the basic leucine zipper (bZIP) 
transcription factor, and CALMODULIN7 (CAM7/ZBF3) 
are the only known transcription factors acting downstream of 
multiple wavelengths of light including far red light, red light, 
and blue light, and positively regulate light signaling pathways.5-8 
It has been shown that unlike other calmodulins, CAM7 acts as 
a unique transcriptional factor that directly binds to promoters of 
several light-inducible genes.8 The ectopic expression of CAM7 
causes hyperphotomorphogenic growth under various light 
conditions. Whereas cam7 mutants do not exhibit any altered 
photomorphogenic phenotype, cam7 hy5 double mutant seedlings 
exhibit a super-tall phenotype.8 Recently it has been revealed that 
CAM7 and HY5 directly interact with the E- and T/G box of 
HY5 promoter and positively regulate the expression of HY5 in 

a concerted manner at various stages of development.9 HY5 is a 
major and versatile molecule, which plays an important role in 
light-regulated gene expression. Loss-of-function hy5 mutants 
exhibit dark-grown characteristics in the light10 with the elongated 
hypocotyl and severely affected root morphogenesis. The most 
obvious phenotype of hy5 seedlings is the increased number of 
lateral roots. These lateral roots along with primary roots grow 
faster and are negatively gravitropic.10

HY5, the key molecule of light signal transduction pathway, 
has also been involved in multiple hormone signaling pathways 
like GA, cytokinin, auxin, and abscisic acid (ABA),11-14 and thus 
acts as a convergence point of these pathways. Recently, the gene 
ontology analysis by Zhang et  al., 2011, has shown that HY5-
dependent developmental programs are mostly controlled by 
HY5-regulated transcription factors. Chip-on-chip analyses have 
also shown that genes involved in auxin, ethylene, cytokinin, and 
jasmonic acid pathways are extremely enriched in HY5-regulated 
genes. Thus, HY5 acts as a master molecule that coordinates the 
hormonal responses with the light signaling pathways.15 Although 
the molecular and genetic interactions between HY5 and CAM7 
have been studied,8,9 the cross talk of these two molecules with 
respect to phytohormones is still to be elucidated. In this study, we 
have reported that CAM7 and HY5 genetically interact to control 
the root phenotype. We have also shown the genetic relationship 
between CAM7 and HY5 in ABA responsiveness.

Additional mutation in CAM7 partly suppresses the root 
phenotype of hy5 mutants

It has been found that mutation in HY5 causes an increase 
in the number of lateral roots.10 To determine the genetic 
relationship between cam7 and hy5 in controlling the lateral root 
formation, we examined the lateral roots formed in cam7 hy5 
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double mutant seedlings grown for 10 d in white light (100 μmol/
m2/s). While counting the number of lateral roots, the number 
was found to be significantly higher in hy5 mutants, consistent 
with the observation made by Oyama et al., 1997. Although cam7 
mutants did not show any significant alteration in the number of 
lateral roots formed, the number of lateral roots were significantly 
reduced in cam7 hy5 double mutants. These results suggest that 
additional mutation in CAM7 is able to suppress the defect of 
lateral root formation in hy5 (Fig. 1).

CAM7 and HY5 work in an antagonistic manner in ABA-
mediated inhibition of seed germination

Recently, it has been shown that hy5 mutant is tolerant to the 
inhibitory effect of ABA in seed germination.14 We investigated 
whether CAM7 mutation alters ABA responsiveness of hy5 
mutant. For this study, freshly harvested seeds of wild type, single, 
and double mutant plants were inoculated on MS media without 
or with ABA. The rate of germination in wild type and various 
mutant seeds was found to be similar in the absence of ABA. 
On the other hand, ABA reduced the germination rate of wild 
type seeds (~45%). The rate of seed germination was found to be 
further diminished in cam7 mutants as compared with wild type 
(~35%), suggesting that cam7 mutants are more susceptible to 
ABA-mediated inhibition of seed germination. The hy5 mutants 
showed increased rate of seed germination (~72%) in the presence 
of ABA (Fig. 2A). However, the rate of germination of hy5 seeds 
was reduced with the additional mutation in CAM7. The cam7 
hy5 double mutant seeds showed ~60% germination in the 
presence of ABA (Fig. 2A). These results suggest that CAM7 and 
HY5 work in an antagonistic manner in ABA-mediated inhibition 
of seed germination, and the additional mutation in CAM7 is able 
to partly suppress the rate of seed germination in hy5 mutants in 
the presence of ABA.

RD29B is one of the marker genes involved in ABA signaling 
pathways, and its expression is induced by ABA treatment.14 
We monitored the expression of RD29B in cam7 hy5 double 
mutants. RT-PCR analyses without or with ABA revealed that 
RD29B expression was slightly reduced in hy5 mutants, whereas 
it was strongly increased in cam7 mutant background. The level 
of expression of RD29B was found to be similar to wild type in 
cam7 hy5 double mutants. These results suggest that additional 
mutation in HY5 is able to suppress the higher level of induction 
of RD29B in cam7 mutant background (Fig. 2B).
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Figure  1. Formation of lateral roots in cam7 hy5 double mutants. 
Quantification of lateral roots formed in wild type and various mutants 
of 10-d-old seedlings.

Figure  2. Response of cam7 hy5 double mutant to ABA. (A) 
Quantification of percentage of seeds germinated in presence of ABA 
at various days in constant WL (30 µmol/m2/s). (B) Expression of ABA 
pathway marker gene (RD29B) in the wild type and various mutants 
from 6-d-old seedlings grown in constant WL (30 µmol/m2/s) mock 
treated (MS solution) or treated with ABA (5µM). M stands for mock 
control, and T stands for treated with ABA.
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