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ABSTRACT
Photomorphogenesis is an important developmental process that helps the seedlings adapt to external
light conditions. B-Box proteins are a family of transcription factors that regulate photomorphogenic
responses. BBX31 negatively regulates photomorphogenesis under visible light. In contrast, it promotes
photomorphogenesis under UV-B and enhances tolerance to high doses of UV-B radiation. BBX31 and
HY5 independently and oppositely regulate the ability of seedlings to adapt to varying light intensities.
BBX31 also regulates primary root elongation under low intensities of white light. GC-MS and HPLC-
based metabolite profiling identified differential accumulation of multiple primary and secondary
metabolites in 35S:BBX31 that might enhance tolerance to UV-B.
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Light acts as one of the most prominent environmental factors
that regulates the development of newly emerged seedlings. In
the presence of light, seedlings establish into autotrophic organ-
isms by characteristically developing short hypocotyls and open
cotyledons with chlorophyll accumulation – a phenomenon
known as photomorphogenesis.1 Seedlings exhibit reduced
hypocotyl elongation as a response not only to visible light but
also to low doses of UV-B radiation.2 B-Box (BBX) proteins are
a family of transcription factors that regulate light-dependent
development.3,4 Most of the BBX proteins that are known to
regulate photomorphogenesis act in a HY5-dependent manner.4

In a recent study, we reported that BBX31, a group V BBX
protein in Arabidopsis, negatively regulates photomorphogen-
esis under visible light, whereas it acts as a positive regulator of
photomorphogenesis under UV-B light.5 HY5 directly binds on
the promoter of BBX31 and regulates its transcription.5,6

However, genetic evidences suggested that the regulation of
photomorphogenesis by BBX31 was found to be independent
of HY5. We found no evidence of physical interaction between
BBX31 and HY5. Our RNA Sequencing data revealed that the
genes regulated by BBX31 and HY5 are largely different.5 Here
we discuss some additional features of BBX31-mediated cell
elongation and UV-B protection.

BBX31 and HY5 oppositely and independently
regulate hypocotyl elongation under varying light
intensities

To compare the effects of the overexpression of BBX31 and
the loss-of-function of HY5 in determining the ability of
seedlings to adjust their hypocotyl growth to varying light

intensities, we grew 35S:BBX31 and hy5-215 lines in
increasing fluence of white light (10–90 μmolm−2s−1).
Both these lines showed reduced inhibition of hypocotyl
elongation upon increasing light intensity indicating that
HY5 and BBX31 are positive and negative regulators of
photomorphogenesis, respectively (Figure 1(a)). To under-
stand if the two genes genetically interact to regulate light-
mediated hypocotyl elongation, we analyzed the fluence
response of 35S:BBX31/hy5-215 lines. These lines possessed
longer hypocotyls compared to 35S:BBX31 and hy5-215
lines.5 35S:BBX31/hy5-215 lines completely failed to adapt
to increasing intensities of white light, as their hypocotyls
showed similar lengths in all the four fluence conditions
provided (Figure 1(a)). The absence of significant change in
the hypocotyl length of 35S:BBX31/hy5-215 in response to
changing fluence suggests that BBX31 and HY5 might
together constitute a pair of key regulators that indepen-
dently regulate white light-mediated photomorphogenesis
in Arabidopsis.

BBX31 positively regulates primary root elongation
under low-intensity white light

The BBX31 overexpressing lines exhibited longer hypocotyls
owing to the longer constituting cells.5 We investigated if their
primary roots showed any difference in length from the wild
type. The 35S:BBX31 seedlings possessed significantly longer
primary roots than Col-0 when grown under low fluence white
light (10 μmolm−2s−1) (Figure 1(b, c)). However, under higher
fluence (90 μmolm−2s−1) the primary root lengths of the wild
type and 35S:BBX31 seedlings were similar (Figure 1(b, c)).
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Together these results suggest that BBX31 regulates primary
root elongation specifically under low-intensity white light.

BBX31 regulates primary and secondary metabolites
in early response to UV-B radiation

Seedlings overexpressing BBX31 survive better than wild-type
when irradiated with high doses of UV-B.5 To understand the
basis of this tolerance, we compared soluble metabolites
obtained from 13-day-old Col-0 and 35S: BBX31 seedlings
exposed to 24 h of UV-B radiation by GC-MS based metabolite
profiling.7,8 Multivariate analysis using Principal component
analysis revealed variations between Col-0 and 35S:BBX31 after
exposure to UV-B radiation (Figure 1(d)). Prominent differ-
ences in accumulation patterns of sugars, sugar alcohols and
fatty acids were observed. Levels of free sucrose, myoinositol,
and palmitate enhanced significantly, while glucose and fructose
levels decreased in UV-B treated 35S: BBX31 compared to wild-
type (Figure 1(e)). These primary metabolites might act as sig-
naling molecules to regulate protection against UV-B radiation.
Myoinositol acts as a signaling molecule in maize leaves exposed
to UV-B radiations.9 Sucrose is well known to adjust its levels
under various environmental stress.10 Benzoic acid and gluco-
pyranoside levels were elevated upon UV-B exposure both in
Col-0 and 35S:BBX31 seedlings indicating their role in confer-
ring UV-B stress tolerance. We found that UV-B radiation

triggers the accumulation of phenolic compounds (gallic acid,
coumaric acid, vanillic acid, and hydroxybenzoic acid) in 35S:
BBX31.5 We also estimated levels of flavonoids in UV-exposed
wild-type and BBX31 overexpressing seedlings using HPLC.11

We found significantly higher levels of quercetin in 35S:BBX31
compared to Col-0 (Figure 1(e)). Enhanced levels of phenols and
flavonoids upon UV irradiation suggests that they might play an
important role as UV-B absorbing molecules.

Conclusion

In conclusion, BBX31 and HY5 antagonistically regulate photo-
morphogenesis. While BBX31 is a negative regulator, HY5 pro-
motes photomorphogenesis. The two transcription factors
regulate hypocotyl elongation independently and in opposite
ways to help seedlings adapt to different light intensities.
BBX31 also promotes primary root elongation. Under UV-B,
readjustment of sugar, fatty acid, phenolic, and flavonoid meta-
bolism occurs in Arabidopsis seedlings. Enhanced levels of the
key intermediate primary and secondary metabolites in 35S:
BBX31 confers additional UV-B protection.
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