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Functional analysis of chimeric photoreceptor gene, PHYCRY identified from
marine metagenome data
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In this project, we tried to uncover function of a chimeric photoreceptor
gene, PHYCRY composed of a red-light receptor, phytochrome and a blue-light receptor, cryptochrome
in a prasinophyte, Pycnococcus provasolii. We found the PHYCRY detected both orange/far-red and blue

light. Furthermore, we named this gene dualchromel (DUC1l) and advanced functional analysis of
PHYCRY by transcriptome analysis in P. provasolii, complement analysis for plant photoreceptors,
determination of genome sequence of P. provasolii and phylogenetic analysis of photoreceptor genes.
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The Arabidopsis Book, 2011;9e0148 . . Duanmu et al.,
PNAS (2014)

74 k0L HEEZEHBLT
RIBERE FAERRICEIE ?

1

Absorbance

PHY CRY

PHYCRY
PHYCRY

@

PHYCRY PHY CRY

PHYCRY
PHYCRY
PHYCRY



RNA-Seq

PHYCRY
PHYCRY
PHYCRY
DUC1 PHY CRY DuUC1 C GFP
3)
PHYCRY P.provasolii  PHYCRY PHY CRY
MinION
MiSeq
RNA-Seq
PHYCRY
PHYCRY Dualchromel (DUC1I)
@
DuUC1
DuUC1
PHY CRY
PHY
PHY
CRY
CRY FAD
a
PAS GAF PHY PAS PAS His 2 DNA Photo FAD
PpPHY PpCRY

+— 70.2kDa, 1-662 residues —
PpDUC1
181.4 kDa, 1 - 1690

b c

S

< o2rf |

12 - Dark - Photo

Norm. DABS
Norm. DABS

300 400 500 600

Wavelength (nm)

+— 72.2kDa, 1039 - 1690 residues —>

5 expressed in C41_pKT271 — Dark ?
L ~Photo 54 -
045 152-PCB
w 036 15E-PCB @ 0
2 e a

S | —

wEF 7. 7 51
expressed in C41_pGKJEB - Dark

054 FAL

- Photo

oab
08
-12

300

400 500

Wavelength (nm)

600 700

PpPHY

2.DbuUC1

PpCRY

Makita et al., 2021,
Nature Com.



@

PHYCRY
P. provasolii DUC1 Ostreococcus tauri
P. provasolii  DUCI1
G418
P. provasolii
PHYCRY
P. provasolii
RNA-seq
P. provasolii RNA-Seq
DUC1
P
provasolii PHY DUC1
phyB
cry2 HA tag DUC1 DUC1
cry2 cry2
DUC1-HA DUC1-HA
cry2
phyB DUC1-HA
DUC1 CRY
Blue Dark Blue
720 £
Es c 8
;10 % 4
N : s
WTecry2 #1 #3 - i ay2 ##3 * WT cryz #1 #3
PpDUC1-HA-OXIcry2 PpDUC1-HA-OX/cry2 PpDUC1-HA-OXlcry2
" wr PHYCRY
z 1 cry2 . 120 =2A0
55 ., Posciracxss| 3 100 g1
L E ::l 80 g1.2
-g g 06 S 6 ;
88 5 4 § I
tg02 20 _ _ @ . [ | .
0 WTCry2 #1 #3 #6 WT cry2 #1 #3 #6
£ 1 10 x 10¢ PpDUC1-HA- PPDUC1-HA-
Fluence rate (umol m2s-') OX/cry2 OX/cry2
Makita et al., 2021, Nature Com.
4.
DUC1 PHY-CRY PHY ,
CRY C GFP

PHY-CRY-GFP CRY-GFP
PHY-CRY-GFP  PHY-GFP
DUC1

PHY-GFP



a c DIC GFP  mCherry Merged

(GFP+mCherry)

PpPHY-GFP (PpPHY=1-3621 bp; 1207 aa)
R o Spied & Bdeim ore | Fopiiy.sep

PPCRY.GFP (PpCRY=3115-5070 bp; 652 aa)
-3 PpCRY.GFP

PpDUC1-GFP (PPDUC1=1-5070 bp; 1690 aa) AHYSmChery

o o DR B R B ra0 B o |

PpDUC1-GFP
AtHY5-mCherry
b R ©
& o
womj: — -4 i .
100 kDa— Do GFP
75kDa — AtHYS-mCherry
———c—— BT
oo T c——— Vector Control kﬁ
== /IR
5. Makita et al., 2021, Nature Com.
©)
P. provasolii PHYCRY
NIES-2893 23 Mbp 11,330
P. provasolii
PHYCRY 5 Cry
Phy
PHYCRY CRY P. provasolii  Cry PHY
Nephroselmis  Phy PHYCRY P
provasolii
P. provasolii
COP1, HY5
PIF, BIC, SPA
DUC1
P. provasolii light-harvesting complex (LHC)
DUC1
PHYCRY
P. provasolii
CO:
1’crychlnrelle variabilis
(o] Cl
hiorella variabili Volvox carteri Py ———————————
Co ¥ bellipsoidea Ulva mutabilis Sy

Chlamydomonas reinhardtii
Volvox carteri
Ulva

Chloropicon primus PCry —————

Tetraselmi
Chloropicon primus

p ouct -
Neph. Imis pyriformis +DUC1(PhyipCry) P
P Ostreococcus ‘lucimarinus’
yer P
Ostreococcus ‘lucimarinus’ Phy Ostreococcus tauri
Qstrabcoecus fauts -pCry’ Bathycoccus prasinos
Bathycoccus prasinos
Micromonas pusilla Micromonas pusilla Py~ - —
Micromonas commada #hy Micromonas commoda
Dolichomastix tenuilepis Doli " Hopic P S E———— — — am————
Chiorokybus atmophyticus - . S S p—
Mesostigma viride
" . Phy —E-E-— -
Klebsormidium nitens Mssostigma viride oo ————————
Arabidopsis thaliana K idium nitens e ——

Prasinoderma coloniale i : 2 oy -
Arabidopsis thaliana PCry ————
Prasir 0CCL lat oy pac " e
pry i ——
0.05
Prasinococcus capsulatus :"’1\" Sosseg
6 Makita et al., 2021, Nature Com.

<

Makita, Y., Suzuki, S., Fushimi, K., Shimada, S., Suehisa, A., Hirata, M., Kuriyama, T., Kurihara, Y.,
Hamasaki, H., Okubo-Kurihara, E., Yoshitake, K., Watanabe, T., Sakuta, M., Gojobori, T., Sakami, T.,
Narikawa, R., Yamaguchi, H., Kawachi, M., & Matsui, M. (2021). Identification of a dual orange/far-red
and blue light photoreceptor from an oceanic green picoplankton. Nature communications, 12(1), 3593.

Kawai, H., Kanegae, T., Christensen, S., Kiyosue, T., Sato, Y., Imaizumi, T., Kadota, A., & Wada, M.
(2003). Responses of ferns to red light are mediated by an unconventional
photoreceptor. Nature, 421(6920), 287—-290.



1 1 0 1

Makita Yuko Suzuki Shigekatsu Fushimi Keiji Shimada Setsuko Suehisa Aya Hirata Manami 12
Kuriyama Tomoko Kurihara Yukio Hamasaki Hidefumi Okubo-Kurihara Emiko Yoshitake Kazutoshi
Watanabe Tsuyoshi Sakuta Masaaki Gojobori Takashi Sakami Tomoko Narikawa Rei Yamaguchi
Haruyo Kawachi Masanobu Matsui Minami

Identification of a dual orange/far-red and blue light photoreceptor from an oceanic green 2021

picoplankton

Nature Communications 3593
DOl

10.1038/s41467-021-23741-5

6 0 1

Minami Matsui, Yuko Makita, Shigekatsu Suzuki, Keiji Fushimi, Setsuko Shimada, Haruyo Yamaguchi, Tomoko Sakami, Rei
Narikawa, Masanobu Kawachi

Characterization of a dual orange/far-red and blue light photoreceptor from an oceanic green picoplankton

International Symposium on Plant Photobiology (ISPP 2021)

2021
Dualchrome
85

2021
85

2021




Dualchrome

85
2021
45
2020 2021
DNA
2020 2021

(Makita Yuko)

(80443026)

(22303)




(Suzuki Shigekatsu)

(10785108)

(82101)

2021 3 8




