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The absorption of visible light in aquatic environments has led to the common assumption that aquatic organisms sense and
adapt to penetrative blue/green light wavelengths but show little or no response to the more attenuated red/far-red
wavelengths. Here, we show that two marine diatom species, Phaeodactylum tricornutum and Thalassiosira pseudonana,
possess a bona fide red/far-red light sensing phytochrome (DPH) that uses biliverdin as a chromophore and displays
accentuated red-shifted absorbance peaks compared with other characterized plant and algal phytochromes. Exposure to
both red and far-red light causes changes in gene expression in P. tricornutum, and the responses to far-red light disappear
in DPH knockout cells, demonstrating that P. tricornutum DPH mediates far-red light signaling. The identification of DPH
genes in diverse diatom species widely distributed along the water column further emphasizes the ecological significance of
far-red light sensing, raising questions about the sources of far-red light. Our analyses indicate that, although far-red
wavelengths from sunlight are only detectable at the ocean surface, chlorophyll fluorescence and Raman scattering can
generate red/far-red photons in deeper layers. This study opens up novel perspectives on phytochrome-mediated far-red
light signaling in the ocean and on the light sensing and adaptive capabilities of marine phototrophs.

INTRODUCTION

Phytochromes (PHY) represent a major class of photoreceptors
first discovered in terrestrial plants as red and far-red (R-FR) light
sensors controlling key adaptive and developmental processes

(Franklin and Quail, 2010). Subsequently, these photoreceptors
have been identified in several prokaryotic and eukaryotic or-
ganisms, from phototrophs to heterotrophs (Rodriguez-Romero
et al., 2010; Auldridge and Forest, 2011).
PHY spectral characteristics are determined by covalent in-

teraction with a heme-derived linear tetrapyrrole chromophore in
theN-terminal photosensorymodule (PSM)of theapoprotein. The
canonical PSM typically consists of conserved consecutive PAS
(Period/Arnt/Single-minded), GAF (cGMP phosphodiesterase/
adenylyl cyclase/FhlA), and PHY (Phy specific) domains, which
undergo reversible conformational changesupon irradiation, from
a Pr to a Pfr form and vice versa. The photoswitchable PSM
controls the activity of the C-terminal output module (OPM) in-
volved in signal propagation. Compared with the PSM, larger
diversification is found in the OPM, which can contain PAS,
ATPase (H), histidine kinase (KD), diguanylate cyclase (GGDEF),
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